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DESCRIPTION  of  the  PLATES. 


PLATE  I.  p.  8. 

TH  E common  air  pump^  A A,  are  two 
brafs  barrels  ; C C,  two  pifcons,  working 
in  thofe  barrels  ; B the  handle  by  which  they  are 
worked ; G G,  the  pillars  that  fupport  the  frame 
of  the  pump  wheel,  fcrewed  on  them  by  the  nuts 
F F ; H H is  a brafs  pipe  called  the  fwan’s  neck, 
through  which  the  air  palfes,  from  under  the  re- 
ceiver OO,  by  a fmall  hole  K,  in  the  middle  of 
the  brafs  plate  I,  to  a brafs  piece  in  the  box  D D, 
from  whence  it  is  pumped  out.  L LL  is  a mer- 
curial gage,  that  communicates  with  the  receiver  ; 
N the  ftop-cock,  by  which  the  air  is  re-admitted, 
when  neceffary. 

PLATE  II.  p.  16. 

Fig.  l . The  animometer.  ABCDEFGH 
is-  a frame  of  wood,  fupported  by  the  poll  P ; 
Q M a horizontal  axis,  that  moves  in  the  crofs 
pieces  I and  L,  by  means  of  the  four  fails  u,  b , 
c,  d,  e,  f,  g,  h ; on  this  axis  is  fixed  a cone  of 
wood,  MNO,  by  which  the  weight  S is  raifed  : 
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IK  is  a ratchet  wheel,  whofe  teeth  are  takertby 
the  click  X. 

Fig.  <2.  The  circular  hygrometer.  A BCD  is 
a fquare  board  ; at  the  point  E a catgut  is  fixed, 
that  paffing  over  feveral  pullies,  marked  C,  is 
faftened  at  the  other  end  to  the  fpring  F,  which 
is  regulated  by  the  fcrew  I*  At  H a brafs  in- 
dented ruler  takes  the  teeth  of  a pinion  K,  whofe 
axis  goes  through  the  board,  and  on  the  other 
fide  carries  the  index  A that  points  to  the  divi- 
fions  of  the  circle  E. 

Fig.  3 and  4.  The  perpendicular  hygrometer. 
The  circles  marked  Care  pullies,  over  which  paffes 
a firing,  that  is  faftened  at  A,  and  the  other  end 
has  a weight  F.  A piece  of  brafs  is  fixed  to  the 
firing  at  G,  and  moves  freely  in  the  groove  H I ; 
to  this  brafs  piece,  on  the  other  fide  of  the  beard 
is  faftened  an  index  E,  Fig.  4,  which  fhows  the 
degree  of  moifture,  by  the  fcale  L M. 

Fig.  5.  RS  a catgut  that  is  faftened  at  S,  pafles 
over  the  pully  T,  and  has  a weight  at  V,  to  the 
top  of  which  Is  faftened  an  index  that  points  to 
the  fcale  Z. 

PLATE  III,  p.  46, 

Fig.  1.  The  air  gun.  E C D R the  outer  bar- 
rel; K A the  inner  barrel  ; S M N P the  fyringe,, 
by  which  the  air  is  injedled  through  the  valve 
N P ; T L another  valve,  that  is  opened  by  the 
trigger  O,  by  which  the  air  enters  behind  the 
ball  at  K,  and  drives  it  out. 

Fig,  2.  The  lock  of  this  gun. 
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Fig.  3.  The  machine  for  artificial  rain  and  hail. 
A,  A,  &c.  the  boards  that  have  holes  through 
which  (hot  paffes.  D the  axis  on  which  the 
wheel  turns. 

Fig.  4.  The  magical  tree.  A BCD  the  box 
that  contains  the  copper  veffel  FG,  into  which  air 
is  forced  by  the  fyringe  MN,  Fig.  5.  At  I is  a 
cock,  that  lets  the  air  into  the  hollow  {talk  of  the 
tree  O,  and  from  thence  it  paffes,  by  the  other 
branches,  which  are  hollow  like  wife,  to  the  fruit 
and  flowers. 

PLATE  IV.  p.  64. 

Fig.  1 . CADR  a veffel  of  water,  in  which  one 
end  of  the  fyphon  F is  plunged,  and  being  ex- 
haufted  of  the  air,  the  water  runs  out  at  the  other 
end  E. 

Fig.  2.  A fucking  pump.  C D the  pifton, 
E F two  valves  that  open  upward,  MN  the  water 
in  the  well,  H the  pipe  by  which  it  runs  out. 

Fig.  3.  The  forcing  pump.  C a folid  pifton, 
D a valve,  H the  pipe  for  conveying  the  water, 
in  which  is  the  valve  E,  through  which  the  water 
is  forced,  by  the  pifton  C,  into  the  cittern  F, 
from  whence  it  runs  out. 

Fig.  4.  The  lifting  pump.  BD  is  an  inverted 
pifton  placed  in  the  frame  GEQHO  ; when  this 
part  is  pufhed  down  the  water  afcends  through 
the  pifton  D,  and  when  the  frame  is  drawn  up, 
it  is  forced  through  the  valve  C,  and  out  of  the 
cittern  at  H, 
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PLATE  V.  p.  78. 

Fig.  l.  The  Ample  hydrometer.  B b a cop- 
per ball,  in  which  is  fixed  the  brafs  wire  AB  ; on 
this  wire  are  feveral  marks  which  (how  the  dif- 
ferent gravities  of  fluids,  as  in  Fig.  2. 

Fig.  3.  The  compound  hydrometer.  B is  a 
hollow  ball,  to  which  is  Screwed  another  ball  by 
filled  with  mercury.  In  the  ball  B is  fixed  a gra- 
duated wire  AC.  A is  a fmall  weight  that  makes 
the  wire  defcend  the  different  depths,  according 
to  the  gravity  of  the  liquors. 

Fig.  4.  The  hydroflatic  balance.  From  the 
point,  A is  fufpended  the  bar  B B,  to  which  hangs 
the  balance  5,  that  is  checked  by  the  fpring  z y, 
fupported  by  the  piece  M.  From  the  bottom  of 
each  fcale  e and  hangs  a wire,  that  goes  through 
the  table;  and  to  that  from  the  fcale  e,  is  fixed 
another  graduated  wire  r s,  at  the  bottom  of  which 
is  a weight  L,  and  to  that  hangs  a wire  with  a 
fmall  brafs  ball  g.  T is  an  index,  placed  againfl 
the  graduated  wire  r s.  At  -the  end  of  the  wire 
that  comes  from  the  fcale  d hangs,  by  a horfe- 
hair,  a glafs  tube  R.  The  firing  that  goes  over 
the  point  A paffes  down  to  the  bottom  of  the 
Rand,  and  is  faflened  to  the  fcrew  P,  by  which. 

the  balance  is  raifed  or  lowered, 

'"r.Fe 

PLATE  VI.  p.  84.  . 

Fig.  1.  The  fcrew  of  Archimedes.  AB  a cy- 
linder, round  which  runs  a pipe  CD,  whofe  lower 

end 
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end  is  immerfed  in  the  water  ; D is  the  end  of 
the  pipe  from  whence  the  water  ifiues  ; K the 
handle,  fupported  by  the  piece  I R. 

Fig.  2.  The  hydraulic  fcoop.  B the  fcoop,  A 
the  point  from  which  the  handle  C is  fufpended. 

Fig.  3.  The  balance  pumps.  A B the  balance, 
O,  P,  the  pumps  ; M,  N,  the  piflons  ; H H the 
pipe  through  which  the  water  is  conveyed  ; F,  G, 
are  two  fprings  to  return  the  balance. 

Fig.  4,  fhows  the  manner  in  which  the  balance 
moves  on  the  points  C. 

Fig.  5.  The  hydroftatic  bellows.  AB  and  EF 
two  circular  boards  ; AE  and  BF  the  fides,  which 
are  of  leather ; DC  a pipe  fere  wed  into  the  board. 

PLATE  VII.  p.  92. 

Fig.  1.  The  water-cock.  A B C D a glafs 
veffel,  E a fmall  glafs  tube  glued  in  the  veffel ; 
GI  another  glafs  tube,  to  which  hangs  a weight 
L ; F the  cover  of  the  veffel. 

Fig.  2.  The  hydraulic  dancer.  A B a figure 
made  of  cork ; C a hollow  cone  placed  under  the 
•figure, 

Fig.  3.  A hollow  ball  of  copper  placed  on 
the  top  of  a fountain. 

Fig.  4.  The  globular  fountain.  A is  a hollow 
globe  of  copper,  fixed  on  the  pipe  B,  whofe  orifice 
C is  placed  over  a jet. 

Fig.  5.  The  hemifpherical  cafcade.  In  a hol- 
low inverted  cone  A,  is  fixed  a pipe  B,  and  the 
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water  that  falls  from  it  runs  over  the  fide  of  the 
cone  C,  in  form  of  a hemifphere. 

Fig.  6.  The  fame  piece  reverfed,  when  it 
forms  a fountain  in  the  figure  of  a vafe. 

Fig.  7.  The  water-fun.  A is  a hollow  veffel 
in  the  middle  of  which  are  a number  of  holes,  and 
the  water  that  comes  from  the  jet,  on  which  it  is 
placed,  rufhing  through  thofe  holes,  forms  the 
refemblance  of  a fun,  as  in  the  adjoining  figure. 

Fig.  8.  Several  pieces,  of  the  fame  fort  with  the 
laft,  placed  over  each  other,  in  a horizontal  di- 
rection, and  all  fupplied  by  the  fame  pipe. 

PLATE  VIII.  p.  108. 

Fig.  1.  The  revolving  water-fun.  A hollow 
circle,  in  which  there  are  feveral  holes,  is  fixed  on 
the  top  of  a jet,  and  as  the  circle  turns  round  the 
water  rufhes  out  of  the  holes. 

Fig.  2.  The  magic  bottle.  A B a bottle  filled 
with  wine  ; C D a veffel  filled  with  water  to  the 
top  of  the  bottle. 

Fig.  3.  The  marvellous  veffel ; B the  mouth  of 
the  veffel,  which  is  filled  with  water  and  flopped, 
and  at  the  bottom  A are  feveral  holes. 

Fig.  4.  The  magical  cafcade.  AB  a tin  vef- 
fel that  holds  the  water  ; D E a pipe  fixed  to  the 
veffel ; F,  F,  fmall  tubes  through  which  the  water 
flows,  G H the  bafon  to  receive  it. 

Fig.  5.  The  circulating  fountain.  E C the  box 
that  contains  the  water  ; W A the  bafon  in 

which 
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which  the  fountain  plays  ; WX  the  leg,  by  which 
the  water  runs  into  the  box  D X ; Y Z the  leg 
through  which  the  air  is  forced  into  the  box  EC. 

Fig.  6.  The  compreffed  jet  d’eau.  A is  a cop- 
per veffel,  in  which  is  a pipe  B E,  and  in  that  an- 
other, G,  that  is  fmaller  ; H is  a cock  to  let  out 
the  air. 

Fig.  6.  The  illuminated  fountain.  AB  and  CD 
are  two  cylindrical  velfels,  that  are  connedled  by 
four  tubes  H,  I,  &c.  and  to  each  of  thefe  tubes 
candleflicks  are  fixed.  At  G is  an  aperture,  by 
which  water  is  poured  into  the  veffel  CD,  and  at 
K is  the  jet. 

Fig.  8.  The  folar  fountain.  G N S is  a thin 
hollow  globe  of  copper.  Through  the  leg  C of 
the  table  AB  paffes  a pipe  that  goes  to  V.  At  K 
is  a cock  by  which  the  fountain  is  flopped. 

PLATE  IX.  p.  124. 

Fig.  K The  cup  of  Tantalus.  This  cup  is 
filled  with  water  to  S,  and  at  A is  placed  an  image 
that  contains  a fyphon,  which  begins  at  one  foot 
of  the  image,  goes  up  to  his  breafl,  then  down  to 
the  other  foot,  and  out  at  the  bottom  of  the  veffel. 

Fig.  2.  The  fea-gage.  A B the  gage  bottle  ; 
F f the  tube,  the  lower  end  of  which  is  immerfed 
in  mercury  ; G H is  a pipe  of  brafs  that  has  fe- 
veral  holes  to  admit  the  water  into  the  bottle 
A B ; K a weight  that  hangs  by  the  fhank  L in 
the  focket  N ; I is  a large  efnpty  ball,  fixed  to 
the  brafs  tube  H. 

Fig. 
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Fig.  3.  An  inftrument  to  be  added  to  the  fea- 
gage,  to  meafure  great  depths.  BCDF  a hollow 
metal  globe,  to  the  top  of  which  is  fixed  the  long 
tube  AB : at  the  part  D of  the  globe  is  joined  a 
fliort  tube  D E,  that  is  to  hand  in  the  mercury 
and  treacle. 

Fig.  4.  The  diving  bell.  A B the  top  of  the 
bell : D a glafs  to  admit  the  light ; H a cock  to 
let  out  the  foul  air  ; L M a circular  feat  for  the 
divers  to  fit  on  ; C one  of  the  barrels  by  which 
the  divers  are  provided  with  frefh  air  ; F a diver 
difpatched  at  fome  dihance  from  the  bell. 

Fig.  5.  A diving  bell  for  a fingle  perfon.  A B 
th 6 bell  funk  by  weights  at  D;  G,  G,  G,  three 
glaffes  to  admit  the  light,  which  are  defended  by 
the  lids  H,  H,  H,  F F F chains  that  fupport  the 
ring  E,  on  which  the  diver  hands. 

PLATE  X.  p.  164. 

Fig.  1,  and  2,  are  papers  cut  through  with  a 
piercer,  and  behind  them  a light  is  placed,  by 
which  they  appear  as  illuminations. 

Fig.  3,  4,  5,  6,  and  8,  are  other  papers  of  the 
fame  fort  as  the  lafl  figures,  but  thefe  are  to  re- 
volve on  a wire  wheel,  as  fig.  7. 

Fig.  9,  is  an  illumination  where  the  fire  ap- 
pears to  proceed  in  different  directions. 

Fig.  lo.  A double  revolving  wheel  of  fire, 
that  at  B proceeding  in  a different  direction  from 
that  at  A. 

Fig,  11.  The  burning  fountain.  ABCD  is  a 
copper  veffel,  in  which  is  fixed  the  eolipile,  that 

has 
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has  a cock  at  G,  and  a fmall  pipe,  F,  with  a very 
fmall  orifice. 

PLATE  XL  p.  168. 

Fig.  1 . A wheel  for  reprefenting  illuminations 
in  various  directions;  A,  A,  &c.  are  pyramids  that 
appear  to  turn  on  them  centers. 

Fig.  2,  and  3.  The  apparatus  for  cafcades  of 
fire.  Fig.  2,  the  manner  of  piercing  the  paper. 
AB,  Fig.  3,  is  a paper  rolled  on  a cylinder,  and 
as  it  is  unrolled  by  the  handle  D the  cafcade  gra- 
dually appears. 

Fig.  4.  The  manner  of  reprefenting  a cafcade 
by  a fpiral. 

PLATE  XII.  p.  200. 

Fig.  1.  The  machine  for  the  luminous  oracle. 
ABCD  a tin  box.  At  M is  a door  in  the  back  of 
the  box,  where  the  lights  are  placed  in  it ; L, 
the  opening  in  front,  by  which  the  obje&s  are 
viewed. 

Fig.  2.  O P is  double  glafs,  between  which  a 
compofition  is  put ; on  the  back  glafs  a picture  is 
painted,  and  on  the  front  glafs  a paper,  divided 
into  45  parts. 

Fig.  3.  A palteboard  divided  into  15  equal 
parts,  fimilar  to  thofe  in  the  laid  figure. 

Fig.  4.  ABCD  a tin  box.  FGHI  its  pedellal, 
in  which  by  the  door  at  L,  a chafingdifh  is  placed. 
O a glafs  in  the  front  of  the  box ; R a flower 
placed  in  a tin  tube. 

Fig.  5.  The  box  for  the  marvellous  portrait. 
A the  cover  of  the  box,  B its  bottom,  CD  a falfe 
bottom,  that  draws  out. 
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Fig.  6.  The  artificial  hand.  This  hand  is 
placed  on  a pedeflal,  covered  with  a thin  fluff ; 
at  ST  is  an  opening,  and  at  I,  a roller,  by  which 
the  motion  of  the  arm  is  facilitated.  In  the  low- 
er figure  the  elbow  is  joined  to  the  piece  F,  that 
turns  in  two  fcrews  C and  D ; the  end  F goes 
through  a partition,  and  by  that  end  an  affifiant 
moves  the  arm. 

Fig.  7.  The  talifman.  ABC  a triangular  box; 
B a plate  to  be  put  at  the  bottom  of  the  box  ; Q 
a copper  triangle  to  be  placed  under  the  top  of 
the  box,  and  faflened  to  the  knob  O. 

PLATE  XIII.  p.  228. 

Fig.  1..  The  box  for  the  fybils.  AB  a hollow 
pedeflal ; C a box  that  communicates  with  the 
pedeflal.  I11  the  divifions  of  the  circle  M are  the 
names  of  the  months,  and  the  names  of  the  days 
of  the  week.  M is  an  index  that  turns  freely  on 
its  center,  and  between  ON  is  an  opening  into  the 
pedeflal,  in  which  moves  the  bent  index  R.  P is  a 
pully  whofe  axis  is  dire&ly  under  the  center  of 
the  circle  M.  S and  T two  rollers,  and  at  the  end 
of  T is  a pulley  V.  X is  a fmall  pulley,  round 
which  goes  a firing  that  communicates  with  P and 
T.  D an  opening  in  the  front  of  the  box,  where 
the  name  of  one  of  the  fybils  appears. 

Fig.  2.  The  magic  urn.  A B a hole,  in  which 
the  cylinder  C,  Fig.  3,  is  to  be  placed.  D the 
top  of  the  cylinder. 

Fig.  4.  The  box  for  the  incomprehenfible 
nvriting.  D E,  Fig.  5,  {hews  the  infide  of  the  top 
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©F  the  box  ; L,  a plate  of  copper,  to  be  placed  in 
the  part  D of  the  top  of  the  box. 

Fig.  6,  is  a flip  of  paper  GH,  of  the  fame  fize 
with  the  bottom  of  the  foregoing  box;  at  each 
end  of  this  paper  is  wrote  the  name  of  a card. 

Fig.  7.  The  oracular  mirror.  A BCD  the  mir- 
ror, which  is  moveable  in  the  frame,  and  is  feen 
under  the  glalfes  placed  in  the  fmall  circles. 

PLATE  XIV.  p.  276. 

Fig.  1,  and  2,  The  difpofition  of  the  fingers  in 
making  the  pafs. 

Fig.  3,  4,  and  5.  The  cards  for  the  fifteen 
thoufand  livres. 

Fig.  6,  7,  and  8.  Cards  fora  recreation  fimi- 
•far  to  the  laft. 

Fig.  9.  The  magic  ring. 

Fig.  10.  The  card  in  the  mirror.  B the  part 
of  the  glafs  where  the  quickfilver  is  fcraped  offt 
and  the  card  appears.  CD  and  EF  the  grooves 
in  which  the  mirror  moves. 

Fig.  1 1.  The  marvellous  vafe.  AB  the  the  fee- 
tion  of  the  vafe : c d ef  g the  divifions  in  which 
the  cards  are  placed  ; H the  point  to  which  a, 
firing  is  fixed,  that  goes  down  the  three  fmall  di- 
vifions, under  the  pulley  I,  through  the  bracket 
L,  and  comes  out  behind  the  partition  M. 
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PNEUMATICS. 

DEFINITIONS. 

i.rT^1  H E atmofphere  is  that  body  of 
A air  which  every  where  furrounds 
the  earth. 

2.  The  air-pump  is  a machine  con- 
trived to  produce  a vacuum,  by  exhauft- 
ing  the  air  out  of  a veffel  called  a re- 
ceiver. 

3.  The  condenfer  is  an  inftr'ument  ge- 
nerally in  form  of  a fyringe,  to  force  a 
greater  quantity  of  air  into  any  vefi'el  than 
it  naturally  contains. 
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4.  The  animometer  is  an  inftrument 
that  meafures  the  ftrength  of  the  wind. 

5 . The  hygrometer  is  contrived  to  fhow 
the  different  degrees  of  moifture  in  the 
atmofphere  at  different  times. 

6.  The  thermometer  meafures  the  de- 
grees of  heat  and  cold  of  the  air,  and  of 
other  bodies. 

7.  The  barometer  (hows  the  different 
weight  of  the  air  at  different  times. 

APHORISMS. 

1 . The  air  is  an  elaftic,  ponderating, 
compreffible  and  expanfible  fluid,  that  is 
fenfible  only  to  the  touch. 

2.  The  elafticity  of  the  air  isincreafed 
by  heat  and  decreafed  by  cold  *. 

* This  is  proved  by  the  common  experiment 
of  tying  the  neck  of  an  inflated  bladder,  and  laying 
it  before  the  fire : for  the  heat,  by  expanding  the 
fmall  quantity  of  air  in  the  bladder,  will  extend  it 
to  theutmoft  ftretch,  and  at  laft  burfl:  it,  with  a loud 
report.  But  if  after  the  bladder  becomes  diftended 
it  be  carried  into  the  cold,  it  will  immediately  refume 
its  flaccid  j&rd. 

3.  The 
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3.  The  weight  of  the  air  is  fo  fmall  as 
not  to  be  perceived  but  in  large  quanti- 
ties*. 

4.  The  rarefa&ion  and  condenfation  of 
the  air,  are  indefinite  f. 

* A gallon  of  air  weighs  one  dram,  nearly.  A 
column  of  the  atmofphere,  whofe  bafe  is  a fquare 
inch  is  equal  to  15  lb.  confequently  the  furface  of 
a man’s  body,  of  fix  feet  flature,  being  on  an  ave- 
rage equal  to  14  fquare  feet,  it  muff  be  prelfed  by  a 
weight  of  air  equal  to  28000  pounds.  This  great 
weight  is  countera&ed  by  the  air  within  the  human 
body;  which,  though  fmall  in  quantity,  is,  by  its 
fpring,  fufficient  to  balance  the  external  air. 

t Mr.  Boyle  found  that  the  air  near  the  furface 
of  the  earth  is  comprelfed,  by  its  own  weight,  into 
a fpace  lefs  than  part  of  the  fpace  it  would 

take  up  if  left  at  liberty  : and  as  the  common  air  may 
be  comprelfed  into  ~ of  its  natural  fpace,  it  follows 
that  the  air  may  occupy  a fpace  780,000  times  greater 
at  one  time  than  another.  Dr.  Gregory  has  (hewn, 
that  if  a globule  of  air  of  one  inch  diameter,  had  as 
great  an  expanfion  as  it  would  have  at  the  diftance 
of  a femidiameter  of  the  earth  from  its  furface,  it  would 
fill  all  the  planetary  regions,  as  far  as,  and  even  beyond 
the  fphere  of  Saturn. 

B 2 5.  Air, 
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5.  Though  air  is  greatly  condenfibie  by 
cold,  it  cannot  be  congealed. 

6.  Air  is  neceffary  to  animal  exiftence*. 

7.  Aduft  air,  that  is  fuch  as  has  paffed 
through  the  fire  or  a heated  tube,  will 
not  fupport  animal  life  f. 

8.  Air  is  contained  in  almoft  all  bodies, 
and  may  be  produced  from  them$. 

* This  has  been  proved  by  'many,  far  too  many 
experiments,  with  the  air-pump.  It  is  not  how- 
ever univerfally  true,  for  toads,  vipers,  eels,  in- 
fers of  every  kind,  and  fifh,  live  in  the  exhaufled 
receiver. 

f An  animal  put  into  a receiver  filled  with  burnt 
air  will  expire  immediately.  Live  coals  and  candles 
will  likewife  go  out  when  put  in  fuch  air. 

\ Air  is  produced  from  bodies  by  their  dilfolu- 
tion,  that  is  by  fermentation,  diftillation  and  fimilar 
methods.  The  quantity  of  air  produced  from  bodies 
is  very  different,  Yelldw  wax  contains  one-lixteenth9 
coarfe  fugar  one-tenth,  oyfler-fhells  and  muftard  feed 
one  fixth,  heart  of  oak  one-fourth,  peafe,  dry  to- 
bacco, and  Mewcaftle  coal  one  third,  and  the  calcu- 
lus humanus,,  or  ft  one  found  in  the  human  bladder, 
one  half  of  their  feveral  weights. 
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g.  Sound  is  communicated  by  the  air  *. 

10.  Theatmofphereis  of  different  den- 
fities  at  different  heights,  and  is  moft 
denfe  near  the  earth  f. 

1 1 . The  height  of  the  atmofphere  does 
not  exceed  50  miles  +. 

12 . Wind  is  nothing  but  a current  of  air. 

13.  The  velocity  of  the  wind  is  from  1 
to  60  miles  in  an  hourj. 

* This  is  proved  by  the  bell  in  the  receiver 
of  the  air-pump,  as  will  be  feen  in  the  Recre- 
ations. 

f At  the  height  of  42  miles  the  air  is  computed 
to  be  4096  times  more  rare  than  at  the  furface  of  the 
earth. 

+ As  the  air  becomes  continually  more  rare 
as  its  diftance  from  the  earth  increafes,  it  is  im- 
poffible  to  determine  its  exa£t  height,  but  by  dif- 
ferent experiments,  efpecially  by  obferving  the  du- 
ration of  the  twilight,  it  may  be  reckoned  from  45 
to  50  miles. 

§ It  muft  be  a very  ftrong  wind  that  goes  60 
miles  in  an  hour.  The  velocity  of  the  wind  at  a 
medium,  may  be  reckoned  12  or  15  miles  per  hour. 
If  a perfon  go  the  fame  way  with  the  wind,  and 
with  an  equal  or  greater  velocity,  he  will  not  know 

B 3 there 
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THE  PNEUMATIC  APPARATUS. 

/~\F  all  the  pneumatic  apparatus  the  air- 
^ pump  is  doubtlefs  the  moft  import- 
ant, and  that  as  well  from  its  entertain- 
ment as  the  elucidation  it  affords  to  this 
branch  of  fcience. 

The  conftrudion  of  the  common  air- 
pump  is  as  follows.  A A,  Plate  I.  re- 
prefent  two  brafs  barrels,  in  which  the 
piftons  C C ad.  The  brafs  pipe  H H is 
called  the  fwan’s  neck,  through  which  the 
air  paffes  from  under  the  receiver  O O, 
by  a fmall  hole  K in  the  middle  of  the 
brafs  plate  I,  on  the  top  of  the  pump,  to 

there  is  any  wind  ; while  another  going  againft  is, 
or  with  a lefs  velocity,  will  perceive  it  very  fenfibly. 
Dr.  Derham  found  by  repeatedly  obferving  the  fpace 
palled  over  by  a feather,  with  a half  fecond  watch,  in 
the  great  ftorm  in  1705,  that  it  was  33  feet  per  half 
fecond,  which  is  equal  to  45  miles  per  hour : from 
whence  he  concluded,  that  the  moft  vehement  wind, 
as  that  in  November  1703,  does  not  exceed  50  or  60 
miles  per  hour. 
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a brafs  piece  in  the  box  D D : which  be- 
ing perforated  likewife  to  the  middle 
point  under  each  barrel,  tranfmits  the  air 
by  a bladder  valve,  to  be  pumped  out. 

I 

The  mercurial  gage  which  communi- 
cates with  the  receiver,  is  marked  L L L. 
The  ftop-cock  N,  ferves  to  re-admit  the 
air,  when  neceffary.  B is  the  handle  or 
winch  for  working  the  pump.  G G are 
two  pillars,  fupporting  the  frame  of  the 
pump-wheel,  which  is  fcrewed  upon  them 
by  the  two  nuts,  E E.  The  ufe  of  the 
other  parts  will  readily  appear  from  an 
infpedion  of  the  figure. 

The  operation  of  this  machine  depends 
on  the  elafticity  of  the  air  ; for  as  the 
pifton  rifes,  the  air  in  the  receiver  by  its 
fpring  is  forced  into  the  barrel  of  the 
pump,  through  the  valve  at  the  bottom, 
which  valve  prevents  its  return  into  the 
receiver  ; the  pifton  in  its  defcent,  then 
compreftes  the  air  in  the  barrel,  by  which 
B 4 means 
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means  it  is  forced  out  through  the  valve 
in  the  pifton,  into  the  external  air.  By 
continually  working  the  pump,  the  pif- 
tons  ad  alternately  and  the  receiver  is 
gradually  exhaufted  ; but  the  air  can  ne- 
ver be  totally  drawn  out,  fo  as  to  leave  a 
perfed  vacuum  ; for  it  muft  be  remem- 
bered, that  the  air  is  forced  into  the  bar- 
rels by  the  fpring  of  that  which  remains 
in  the  receiver ; therefore  to  exhauft 
every  particle,  the  laft  muft  be  expelled 
without  an  agent,  which  is  abfurd. 

Such  is  the  conftrudion  of  the  com- 
mon air-pump  ; but  there  is  another,  in- 
vented by  Mr.  Smeaton,  by  which  a 
purer  vacuum  is  obtained,  and  which  alfo 
ads  as  a condemning  engine.  There  is 
moreover,  what  they  call  a portable  air- 
pump,  which  is  placed  on  a table,  and 
may  be  eafily  conveyed  from  one  place 
to  another. 
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THE  ANIMOMETER. 

r]PHE  conftrudion  of  this  infirument 
may  be  as  follows.  Let  ABCD 
E E G fi,  (Plate  II.  Fig.  i.)  be  an  open 
frame  of  wood,  firmly  fupported  by  the 
poft  P.  In  the  crofs  pieces  I and  L is 
moved  an  horizontal  axis  Q M,  by 
means  of  the  four  fails,  ab , erf,  e /,  g h, 
expofed  to  the  wind  in  a proper  diredion. 
Upon  this  axis  is  fixed  a cone  of  wood 
MNO,  upon  which  as  the  fails  move 
round,  a weight  S is  raifed,  by  a firing 
on  its  furface,  proceeding  from  the  fmall 
to  the  largeft  end  NO.  Upon  the  great 
end  or  bafeof  the  cone,  is  fixed  a ratchet- 
wheel  I K,  in  whofe  teeth  falls  the  click 
X,  to  prevent  a retrograde  motion  from 
the  depending  wheel. 

It  is  eafy  to  perceive,  from  the  conftruc- 
tion  of  this  machine,  that  it  is  adapted  to 
eftimate  the  variable  force  of  the  wind, 

becaufe 
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becaufe  the  force  of  the  weight  will  con- 
tinually increafe  as  the  firing  advances  on 
the  conical  furface,  be  ading  at  a greater 
diftance  from  the  axis ; and  therefore  if 
fuch  a weight  be  put  on  the  fmalleft  part 
at  M,  as  will  juft  keep  the  machine  in 
equilibrio  with  the  weakeft  wind  ; as  the 
wind  becomes  ftronger  thq  weight  will  be 
raifed  in  proportion,  from  S towards  R ; 
and  the  diameter  of  the  bafe  of  the  cone 
N O,  may  be  fo  large,  in  comparifon  of 
that  of  the  fmaller  end  or  axis  at  M,  that 
the  ftrongeft  wind  fhall  but  juft  raife  the 
weight  to  the  great  end. 

Let  the  diameter  of  the  axis,  for  exam- 
ple, be  to  that  of  the  bafe  of  the  cone  N 
O,  as  i to  28.  Then  if  S be  a weight  of  one 
pound  on  the  axis  at  M,  it  will  be  equi- 
valent to  28  pounds,  or  one-fourth  of  a 
hundred  weight,  when  raifed  to  the  great- 
eft  end.  Therefore,  if  when  the  wind  is 
weakeft  it  fupport  one  pound  on  the  axis, 
it  muft  be  28  times  as  ftrong  to  raife  the 

weight 
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weight  to  the  bafe  of  the  cone.  It  follows, 
that  if  a line  of  28  equal  parts  be  drawn 
on  the  fide  of  the  cone,  the  ftrength  of  the 
wind  will  be  expreffed  by  the  number  on 
which  the  firing  {hall  at  any  time  hang. 

This  firing  may,  moreover,  be  of  fuch 
a fize,  and  the  cone  of  fuch  a length,  that 
there  may  be  16  revolutions  of  the  firing 
between  each  divifion  of  the  fcale  on  the 
cone  ; by  which  mean  the  ftrength  of  the 
wind  will  be  expreffed  in  pounds  and 
ounces.  If  ftill  greater  accuracy  be  re- 
quired, let  the  periphery  of  the  cone’s 
bafe  he  divided  into  16  equal  parts  : then, 
wherever  the  equilibrium  happens,  the 
firing  will  leave  the  conic  furface  againft 
one  of  thofe  divifions,  and  confequently 
fhow  the  force  of  the  wind  to  a dram  aver- 
dupoife  weight. 
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THE  CIRCULAR  HYGROMETER, 

TAKE  a board  ABCD,  about  a foot 
fquare  (Plate  II.  Fig.  2.)  and  bind 
it  round  either  with  four  pieces  of  iron, 
or  dry  hard  wood,  about  half  an  inch 
thick,  to  prevent  it  from  enlarging,  to  any 
fenfible  degree,  by  the  moifture  of  the 
air.  At  the  feveral  parts  marked  C,  in  the 
figure,  place  puilies  of  about  half  an  inch 
diameter,  and  that  turn  quite  free  on  their 
axis.  At  E fix  one  end  of  a catgut,  of 
the  fize  of  the  fmalleft  firing  of  a violin ; 
let  it  pafs  overall  the  puilies  and  be  fixed, 
by  the  other  end  to  the  fpring  F,  which 
is  to  be  adjufted  by  the  fcrew  I,  fo  as  to 
have  more  or  lefs  force. 

Near  the  center  of  the  board  is  to  be 
fixed  to  the  catgut  a brafs  ruler  H,  about 
an  inch  long,  and  that  has  20  or  25  teeth, 
which  are  to  take  thofe  of  the  pinion  K, 
whofe  axis,  which  is  in  the  center  of  the 
board,  paffes  through  it,  and  ftands  out 

on 
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on  the  other  fide,  on  which  .is  to  be  fixed 
a very  flight  index,  (fee  Fig.)  and  round 
the  center  defcribe  the  circle  E.  Cover 
that  fide  of  the  board  on  which  are  the 
pullies,  with  a cloth. 

As  the  moifture  of  the  air  will  contract 
the  catgut,  which  is  near  fix.  feet  long, 
and  the  drynefs  extends  it ; by  means  of 
the  fpring  the  brafs  ruler  will  afcend  in 
the  firft  ftate,  and  defcend  in  the  other, 
and  by  its  motion  will  neceflarily  turn 
the  pinion  and  index. 

To  regulate  this  hygrometer,  the  circle 
E being  divided  into  60  equal  parts,  as 
in  the  figure,  choofe  a time  when  the  air 
is  very  dry,  and  fix  the  index  againft  the 
firft  degree,  and  as  the  air  becomes  moift 
the  index  will  fhow,  by  the  number  of 
divifions  it  paffes  over,  the  degree  of  that 
moifture.  If  the  index  fhould  be  found  to 
make  more  than  a complete  revolution, 
the  fpring  to  which  the  catgut  is  faftened,  * 
muft  be  con  traded. 
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THE  PERPENDICULAR  HYGROMETER. 

the  board  A R C D,  that  is  a foot 
long  and  three  inches  wide,  (Plate 
II.  Fig.  3.)  let  a catgut  pafs  over  the 
eight  fmall  pullies  marked  C,  and  be  fixed 
at  one  end  to  the  top  of  the  board,  and 
at  the  other  to  the  weight  F.  To  the  cat- 
gut fatten  a fmall  piece  of  brafs  at  G, 
which  moves  freely  in  the  groove  HI,  and 
to  the  end  that  is  on  the  other  fide  of  the 
board,  fix  the  index  E,  Fig.  4.  which,  as 
it  afcends  and  defcends,  marks  the  de- 
grees of  drynefs  or  moifture  "on  the  fcale 
L M. 

This  hygrometer  has  not  fo  great  an 
extent  as  the  former,  but  is  more  fenfible, 
as  having  a greater  length  of  firing,  and 
no  fridion  of  teeth,  and  it  is  more  eafily 
conftruded  ; nothing  being  here  necefla- 
ry  but  to  adjuft  a proper  weight  to  the  end 
of  the  firing,  and  to  make  the  pullies  move 
quite  free,  for  which  purpofe  they  fhould 
be  frequently  oiled. 
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But  the  mod  fimple,  and  at  the  fame 
time  the  mod  fenfible  hygrometer,  may  be 
conftruded  as  follows.  Let  R S,  Fig.  5. 
be  a catgut  or  whipcord  that  goes  from 
one  end  of  the  room  to  the  other,  near 
the  cieling,  and  paffing  over  the  pulley 
T,  defcends  in  a corner  of  the  room  to 
V,  where  it  is  fattened  to  a weight  fuffi- 
cient  to  keep  it  always  ftretched.  This 
weight  is  to  hang  free  from  the  wall, 
and  there  is  to  be  fattened  to  it  an  index 
X,  which  points  to  a fcale  of  wood  or  pa- 
per Z,  that  is  placed  againft  the  wall. 
As  this  hygrometer  has  no  other  fridion 
than  that  of  a fingle  pulley,  and  may 
have,  in  a fmall  room,  18  or  20  feet  of 
firing,  it  is  certainly  more  eligible  than 
either  of  the  foregoing,  and  perhaps,  than 
any  of  the  numerous  and  complicated  hy- 
grometers that  have  been  invented. 
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THE  THERMOMETER* 

~^HE  figure  of  this  inftrument,  as  well 


.1  as  that  of  the  barometer,  is  too  well 
known  to  need  defcription.  It  will  be 
fufficient  here  to  fhow  their  conftrudion 
and  the  principles  on  which  they  ad. 

As  the  thermometer  isdefigned  to  fhow 
the  degrees  of  heat  and  cold  by  the  ex- 
panfion  of  a fluid,  different  fluids  have 
been  ufed  for  thatpurpofe.  The  fir  ft  that 
became  generally  ufed  was  fpirit  of  wine 
tinged  with  cochineal.  This  thermometer 
anfwers  very  well  for  common  purpofes, 
but  in  great  degrees  of  heat,  as  that  of 
boiling  water  or  oil,  or  melting  metals, 
the  fpirit  will  burft  the  tube  ; and  in  a 
great  degree  of  cold  it  will  freeze.  This, 
therefore  was  foon  rejeded  by  philofo- 
phers,  and  was  fucceeded  by  thofe  made 
with  linfeed  oil  ; which  requires  four 
times  the  heat  to  make  it  boil,  that  water 
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does.  This  fort  of  thermometer  was  con- 
ftantly  ufed  by  Sir  Ifaac  Newton,  and 
with  this  he  meafured  the  comparative 
heat  of  boiling  water  and  fpirit  of  wine, 
and  of  melting  wax,  tin  and  lead  ; beyond 
whiclnit  does  not  appear  to  have  been 
tried. 

There  was  flill  wanting  a thermometer 
that  would  meafjare  any  degree  of  heat, 
and  this  was  invented  by  Farenheit  of 
Amfterdam,  whofe  name  it  ftill  bears. 
It  is  made  with  mercury,  which  ex- 
pands itfelf  uniformly  from  the  hardeft 
froft  to  the  greateft  heat.  The  common 
fort  of  thefe  thermometers  have  a fcalethat 
begins  with  o,  the  freezing  point  is  32, 
and  is  extended  to  the  heat  of  boiling  wa- 
ter, which  is  212  degrees.  It  was  this 
thermometer  the  great  Boerhaave  conftant- 
ly  ufed  in  his  chemical  and  other  expe- 
riments. We  forbear  any  further  defcrip- 
tion  of  the  manner  of  conftru&ing  this 
inftrument,  as  it  cannot  be  performed  to  a 
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degree  of  accuracy,  but  by  an  able  work- 
workman, 

THE  BAROMETER. 

rlH*HIS  inftrument,  when  properly  con- 
1 firuded,  is  the  mod  generally  ufe- 
ful  of  all  the  pneumatic  apparatus.  The 
barometer  is  frequently  called  the  Torri- 
cellian tube,  from  its  inventor,  an  Italian, 
and  difciple  of  the  renowned  Galileo, 
named  Torricelli ; who,  confidering  that  a 
column  of  water  of  about  33  feet,  was 
equal  in  weight  to  a column  of  air  of  the 
fame  bafe,  concluded  that  a column  of 
Mercury  of  about  29  inches  and  a half 
would  likewife  be  equal  to  a column  of 
air,  for  fuch  a column  of  mercury  he  knew 
to  be  equal  to  33  feet  of  water  ; he  accord- 
ingly made  the  experiment,  and  the  ap- 
paratus he  then  ufed  is  now  the  common 
barometer. 

The  principal  defed  in  the  common  ba- 
rometer is  the  fmalinefsof  the  bore  of  the 

tube* 
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tube  which  occafions  the  mercury  to  ad- 
here to  its  fide,  and  not  rife  and  fall  with 
the  necelfary  freedom.  Therefore,  pro- 
cure a glafs  tube  one-third,  or  at  leaf!  one- 
fourth  of  an  inch  diameter,  hermetically 
fealed  at  one  end  and  open  at  the  other, 
and  34  inches  long  : its  inner  furface  muft 
be  perfedly  clean,  and  that  it  may  be  fo 
juft  before  you  ufe  it,  rub  the  infide  with 
a piece  of  fine  warm  flannel  put  rounda 
wire.  Have  ready  a fmall  quantity  of 
pure  mercury,  which  you  may  fqueeze 
through  a thin  leather.  Then  quite  fill 
the  tube  with  mercury,  and  having  ready 
a glafs  bafon,  or  drinking  glafs  with  a flat 
bottom,  about  an  inch  and  a half  or  two 
inches  high,  in  which  likewifefome  of  the 
fame  mercury  is  put,  invert  the  tube,  and 
put  it  in  the  bafon,  ft  ill  holding  your  fin- 
ger under  it,  till  it  is  in  the  mercury  of  the 
bafon ; then  place  it  in  a frame.  On  taking 
away  your  finger,  the  mercury  in  the  tube 
will  immediately  fubfide  to  about  29  or  30 
inches,  according  to  the  ftate  of  the  air, 
C 2 it 
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being  very  rarely  lower  than  28,  or  higher 
than  31  inches.  Therefore  if  a fcale  of 
four  inches,  divided  into  tenths,  be  placed 
againft  the  upper  end  of  a tube,  the  baro- 
meter is  complete. 

Though  the  fcale  be  only  divided  to 
tenths  of  an  inch,  yet  if  there  be  an  index 
from  the  fcale  to  the  tube,  as  is  commonly 
pradifed,  the  eye  may  difiinguifh  to  the 
20th  or  40th  part  of  an  inch,  that  is  to 
one-half  or  one  quarter  of  a tenth.  But 
for  greater  precifion  there  is  what  they 
call  from  its  inventor,  a Nonius  divifion, 
which  is  a fmall  plate  fo  contrived  as  to 
Aide  over  the  graduated  plate  or  fcale,  in 
fuch  manner  that  its  index  may  always 
be  fet,  in  one  part  to  the  furface  of  the 
mercury,  while  another  part  correfponds 
with  one  of  the  divilions  of  the  fcale. 
Now,  this  Nonius  is  divided  into  ten 
equal  parts,  which  are  together  equal  to 
eleven  divifions  of  the  fcale,  that  is 
elevemtenths  of  an  inch.  Confequently 

every 
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every  divifion  of  the  Nonius  is  equal  to 
one  and  one-tenth  of  the  fcale;  two  of 
them  to  two  and  two-tenths ; three  of  them 
to  three  and  three  tenths,  Skc.  Whence 
it  is  eafy  to  conceive,  that  if  the  Nonius 
index  points  between  any  two  divifions  of 
the  fcale,  you  need  only  look  back  to  fee 
what  divifion  of  the  Nonius  coincides 
with  a divifion  of  the  fcale,  and  that  will 
fhow  the  number  of  tenths  of  a tenth  ; 
that  is,  the  hundred  parts  of  an  inch. 

The  barometer  may  be  applied  to  va- 
rious ufes,  as  meafuring  the  height  of 
towers  or  mountains  ; for  12040  inches 
of  air  being  equal  to  one  inch  of  mercury, 
near  the  furface  of  the  earth,  1204  inch- 
es, or  100  feet,  muft  be  equal  to  one- 
tenth  of  an  inch  of  mercury.  Confequent- 
ly  if  a barometer  be  carried  up  any  great 
eminence,  the  mercury  will  defcend  one- 
tenth  of  an  inch  for  every  100  feet  the 
barometer  afcends. 
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But  the  great  ufe  of  the  barometer, 
when  well  conftruded,  is  that  of  predict-  * 
ing  the  future  Rate  of  the  weather,  for 
feveral  hours,  and  fometimes  days,  pre- 
ceding ; though  not  to  a certainty,  yet 
in  many  inftances  to  a great  degree  of 
probability : in  order  to  obtain  this  de- 
firable  end,  obferve  the  following  rules. 

Firft,  The  riling  of  the  mercury  prefages 
in  general,  fair  weather  ; and  its  falling, 
foul  weather.  2.  In  very  hot  weather,  the 
falling  of  the  mercury  forefhows  thunder. 

3.  In  winter,  the  riling  portends  froft  ; 
and  in  a continued  froft  it  foretells  fnow. 

4.  When  foul  weather  happens  foon  after 
the  falling  of  the  mercury,  exped  but 
little  of  it ; and  fo  on  the  contrary,  of  fair 
weather.  5.  But  when  the  mercury  con- 
tinues to  rife  for  fome  time  before  the  foul 
weather  is  over,  exped  a continuance  of 
fair  weather  to  follow.  6.  In  fair  wea- 
ther, when  the  mercury  continues  to  fall 
before  rain  com  es,  then  exped  a great  deal 
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of  it  and  probably  high  winds.  7.  The 
unfettled  motion  of  the  mercury  denotes 
uncertain  or  changeable  weather. 

It  appears  from  thefe  obfervations,  that 
it  is  not  fo  much  the  height  of  the  mer- 
cury that  indicates  the  weather,  as  its  mo- 
tion up  or  down.  Therefore  to  know 
whether  the  mercury  be  adually  rifing  or 
falling,  obferve  the  following  rules.  1.  If 
the  furface  of  the  mercury  be  convex,  it  is 
then  rifing.  2 . If  the  furface  be  concave,  it 
is  then  finking.  3.  If  the  furface  be  plain, 
or  rather  a little  convex,  it  may  be  confi- 
dered  as  ftationary.  If  the  tube  be  fmall, 
fhake  it,  and  if  the  air  be  growing  heavier 
it  will  rife  about  half  the  tenth  of  an 
inch,  and  if  it  be  growing  lighter  it  will 
fink  the  fame  fpace. 

The  great  utility  of  the  common  baro- 
meter has  induced  many  perfons  to  invent 
others,  in  which  the  rife  and  fall  of  the 
mercury,  and  confequently  the  alterations 
C 4 of 
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the  atmofphere,  or  the  height  of  places, 
may  be  more  eafily  obferved ; fuch  as  the 
diagonal,  theredangular,  the  wheel,  and 
pendant  barometers,  Skc.  which  are  in  ge- 
neral attended  with  fome  peculiar  advan- 
tages and  fome  defeds.  But  for  general 
ufe,  the  common  barometer,  efpecially 
with  a Nonius  divifion,  is  perhaps  of  all 
others  the  moll  eligible. 

In  fuch  of  the  following  recreations  as 
are  performed  by  the  air-pump,  it  will 
be  fufficient  to  have  the  receiver  only  in 
the  room  where  the  experiments  are 
made  ; and  to  let  the  pipe,  called  the 
fwan’s  neck,  be  carried  through  the  frame 
of  the  table  on  which  the  receiver  Rands, 
and  communicate  with  the  Other  parts  of 
the  air-pump  in  an  adjoining  room,  after 
the  fame  manner  as  in  the  articles  of  elec- 
tricity and  magnetifm.  By  this  method 
the  recreations  will  be  heightened  by  the 
pleafure  of  furprife  ; a pleafure  that  ma- 
ny people  find  much  greater,  than  they 
are  able  to  exprefs. 
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RECREATION  I. 

The  bottles  broke  by  air . 

A K E a bottle  that  is  fquare,  not 


A round  or  cylindrical ; and  if  it  be 
fmall,  the  glafs  muft  be  thin.  Put  the 
mouth  of  this  bottle  over  the  hole  in  the 
plate  of  the  air-pump,  and  exhauft  the 
air.  By  this  mean  the  bottle  will  be  made 
to  fuflain  the  weight  of  the  external 
air  as  long  as  it  is  able,  but  at  laft  it 
will  be  fuddenly  burft  into  very  fmall 
parts. 

The  fame  effect  may  be  produced  by 
the  fpring  of  the  air,  in  the  following 
manner.  Seal  the  mouth  of  a bottle  fo 
clofe  that  not  the  leaf!  air  can  come 
out,  and  place  it  in  the  receiver  ; then 
as  the  air  is  drawn  off  from  its  furface, 
the  fpring  of  the  included  air  will  ad 
againft  the  fides  of  the  bottle,  and  will 
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continually  increafe  as  the  air  in  the  re- 
ceiver becomes  more  rarified,  till  at  laft 
it  burft  the  bottle  in  pieces. 

A fimilar  efFed  is  produced  by  laying 
a plate  of  glafs  on  the  top  of  an  open  re- 
ceiver, and  exhaufting  the  air  for  then 
the  weight  of  the  external  air  will  prefs 
upon  the  glafs  and  break  it  in  pieces. 
In  like  manner  if  a perfon  lay  his  hand 
upon  an  open  receiver,  and  the  air  be  ex- 
haufted,  his  hand  will  be  fixed  to  the  re- 
ceiver : for  if  the  aperture  of  the  receiver 
be  four  fquare  inches,  the  weight  on  his 
hand  will  be  equal  to  60  pound.  This  ex- 
periment will  be  attended  with  fpme  pain 
in  the  perfon’s  hand. 
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RECREATION  II. 

* The  brafs  hemifpheres . 

AKE  two  hemifpheres  of  about  four 


-*•  inches  diameter,  and  whofe  circum- 
ferences exadly  fit  each  other.  Now  when 
they  are  placed  together,  and  the  air  is 
exhaufted  from  their  cavities,  the  internal 
fpring  being  taken  away,  they  will  be 
prefled  by  a column  of  air  equal  to  their 
furfaces,  that  is,  twelve  fquare  inches  and 
a half,  whichmultiplied  by  fifteen  pounds, 
the  weight  of  the  air  on  every  inch,  the 
fum  will  be  187  pounds  and  a half. 

Therefore,  give  thefe  hemifpheres  to 
any  two  perfons,  after  they  have  feen  them 
put  together,  and  that  they  are  not  in  any 
manner  joined  to  each  other,  and  defire 
them  to  pull  the  hemifpheres  afunder  ; to 
effed  which  they  muft,  between  them, 
exert  a force  equal  to  the  above  number 
of  pounds. 
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RECREATION  III. 

Water  boiled  by  air . 

fHjT^AKE  water  that  is  made  as  warm  as 
JL  you  can  well  bear  to  put  your  hand 
in  it,  but  that  has  not  boiled,  and  putting 
it  under  the  receiver  exhauft  the  air. 
Bubbles  of  air  will  foon  be  feen  to  rife, 
at  firft  very  fmall,  but  prefently  become 
larger,  and  will  be  at  laft  fo  great,  and 
rife  with  fuch  rapidity,  as  to  give  the  wa- 
ter all  the  appearance  of  a violent  boiling. 
This  agitation  of  the  water  will  continue 
till  the  air  is  again  let  into  the  receiver, 
when  it  will  immediately  ceafe,  and  the 
water  become  quite  motionlefs. 
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RECREATION  IV. 

' The  aerial  bubbles . 

AKE  a piece  of  iron,  brafs,  ftone,  or 


any  other  heavy  fubftance,  and  put- 
ting it  in  a large  glafs  with  water,  place  it 
n the  receiver.  The  air  being  exhaufted, 
the  fpring  of  that  which  is  in  the  pores 
of  the  folid  body,  by  expanding  the  par- 
ticles, will  make  them  rife  on  its  furface 
in  numberlefs  globules,  which  refembling 
the  pearly  drops  of  dew  on  the  tops  of 
the  grafs,  afford  a very  pleafing  appear- 
ance. On  letting  the  air  into  the  receiver 
all  thefe  aerial  forms  immediately  difap- 


pear. 


RECREATION  V. 

T/ze  floating  flone . 

HPO  a piece  of  cork  tie  a fmall  flone,  that 
will  juft  fink  it,  and  putting  it  in  a 
veffelof  water,  place  it  under  the  receiver. 
Then  exhaufting  the  receiver,  the  bubbles 
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of  air  which  expands  from  its  pores,  and 
adhering  to  its  furface,  will  render  it,  to- 
gether with  the  ftone,  lighter,  than  water, 
and  confequently  they  will  rife  to  the 
furface  and  float. . 

RECREATION  VI. 

"The  withered  fruit  rejlored . 

TAKE  a fhriveled  apple,  and  placing 
it  under  the  receiver  exhaufi  the 
air.  The  apple  will  immediately  be 
plumped  up,  and  look  as  fair  as  when  firft 
gathered.  For  the  preffure  of  the  exter- 
nal air  being  taken  off,  the  expanfion  of 
that  contained  within  the  fkin  of  the  ap- 
ple will  extend  it  to  the  utmoft,  fo  as 
fometimes  to  make  it  burft.  This  reftora- 
tion,  however,  is  merely  apparent,  for 
the  air  is  no  fooner  let  into  the  receiver 
again  than  the  apple  returns  to  its  former 
withered  Rate. 
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RECREATION  VII. 

1 The  vegetable  air  bubbles . 

PI)  f a fmall  branch  of  a tree  with  its 
leaves,  or  part  of  a fmall  plant,  in  a 
veffel  of  water,  and  placing  the  veffel  in 
the  receiver,  exhaufi:  the  air.  When  the 
preffure  of  the  external  air  is  taken  off, 
the  fpring  of  that  contained  in  the  air 
veffels  of  the  plant,  by  expanding  the 
particles,  will  make  them  rife  from  the 
orifices  of  all  the  veffels,  for  a long  time 
together,  and  produce  a beautiful  appear- 
ance. This  experiment  fhows  how  great 
a quantity  of  air  is  contained  in  every  ve- 
getable fubftance. 
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RECREATION  VIIL 


The  mercurial  rod . 


1 AKE  a piece  of  flick,  cut  it  even 


^ at  each  end  with  a penknife,  and  im- 
merfe  it  in  a veffel  of  mercury.  When  the 
air  is  pumped  out  of  the  receiver,  it  will 
at  the  fame  time  come  out  of  the  pores 
of  the  wood,  through  the  mercury,  as  will 
be  vifible  at  each  end  of  the  flick.  When 
the  air  is  again  let  into  the  receiver,  it 
falls  on  the  furface  of  the  mercury  and 
forces  it  into  the  pores  of  the  wood,  to 
poffefs  the  place  of  the  air. 

When  the  rod  is  taken  out  and  weighed, 
it  is  found  to  be  feveral  times  heavier  than 
before,  and  has  changed  its  colour,  being 
now  all  over  of  a bluifh  hue.  If  this  flick 
be  cut  tranfverfely,  the  quickfilver  will  be 
feen  to  glitter  in  every  part  of  it. 
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RECREATION  IX. 

The  myjlical  hell. 

FI X a fmall  bell  to  the  wire  that  goes 
through  the  top  of  the  receiver,  and 
fhaking  it  by  that  wire  it  will  be  diftin&ly 
heard,  while  the  air  is  in  the  receiver. 
As  the  air  is  exhaufted,  the  ringing  be- 
comes gradually  weaker,  and  at  laft,  how 
much  foever  the  bell  be  fhook,  the  leaft 
found  cannot  be  heard.  But  when  the  air 
begins  to  enter  again  into  the  receiver,  the 
found  becomes  prefently  audible.  This 
experiment  proves  that  air  is  the  medium 
of  found. 

RECREATION  X. 

Feathers  heavier  than  lead. 

AT  one  end  of  a fine  balance  hang  a 
piece  of  lead,  and  at  the  other  as 
many  feathers  as  will  keep  it  in  equilibrio. 
Vor  IV.  D Then 
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Then  place  the  balance  under  the  receiver. 
As  foon  as  the  air  begins  to  be  exhaufted, 
the  equilibrium  will  begin  to  be  deftroy- 
ed,  and  when  all  the  air  is  exhaufted, 
the  feathers  will  defcend  and  the  lead 
mount  up. 

The  caufeof  this  phenomenon  is  plain- 
ly deduciblefrom  the  laws  ofdydroftatics; 
for  when  both  bodies  are  weighed  in 
air,  each  loofes  the  weight  of  an  equal 
bulk  of  air ; confequently  the  feathers 
will  lofe  a greater  weight  than  the  lead  ; 
but  when  the  air  is  taken  away,  the  weight 
that  is  reftored  to  the  feathers  being  great- 
er than  that  reftored  to  the  lead,  the  for- 
mer will  neceffarily  preponderate. 
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RECREATION  XL 


' The  felf-moving  wheel. 


AKE  a circle  of  tin  about  ten  inches 


JL  diameter,  or  of  any  other  dimen- 
fion  that  will  go  into  the  receiver,  and  to 
its  circumference  fix  a number  of  tin 
vanes,  each  about  an  inch  fquare.  Let  this 
wheel  be  placed,  between  two  upright 
pieces,  on  an  axis  whofe  extremities  are 
quite  fmall,  fo  that  the  wheel  may  turn, 
in  a vertical  pofition,  with  the  leaf!  force 
poflible.  Place  the  wheel  and  axis  in  the 
receiver  and  exhauft  the  air.  Let  there 
be  a fmall  pipe  with  a cock ; one  end  of 
this  pipe  is  to  be  on  the  outfide  of  the  top 
of  the  receiver,  and  the  other  end  to 
come  diredly  over  the  vanes  of  the  wheel. 

When  the  air  is  exhaufted  from  the  re- 
ceiver, open  the  cock  juft  mentioned.  A 
current  of  air  will  rufh  again!!  the  vanes 
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of  the  wheel,  and  put  it  in  motion  ; and 
the  velocity  of  its  motion  will  increafe 
till  the  receiver  is  again  replete  with  air. 

If  the  pump  be  kept  continually  work- 
ing, after  the  air  is  exhaufted,  the  motion 
of  this  wheel  may  be  regarded  not  only  as 
fpontaneous  but  perpetual. 

RECREATION  XIL 

1 The  animated  figures. 

1QROVIDE  nine,  twelve,  or  any  number 
■*-  you  pleafe,  of  hollow  cylinders,  about 
nine  inches  long,  and  one  and  a half  or 
two  inches  diameter.  Let  the  bottom  of 
each  of  thefe  cylinders  be  clofed,  except 
a fmall  hole  ; and  in  each  of  them  place 
a pifton,  like  that  in  a fyringe.  At  the 
bottom  of  each  pifton  let  there  be  a worm 
fpring,  and  over  it  the  figure  of  a man, 
woman,  or  what  elfe  you  pleafe.  Thefe 
figures  fhould  be  all  different,  and  in  dif- 
ferent 
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ferent  attitudes,  and  of  fuch  a fize  that 
they  may  completely  enter  the  cylinders. 

Place  all  the  cylinders  in  a circular 
frame  of  wood,  and  having  pufhed  each 
pifton  down  to  the  bottom  of  the  cylin- 
der, and  hopped  the  holes  at  bottom,  draw 
it  up  again  to  what  height  you  think  pro- 
per, and  there  will  then  be  a vacuum  un- 
der each  pifton.  Then  place  the  frame 
in  the  receiver,  and  exhauft  the  air. 

When  the  weight  of  the  external  air  be- 
gins to  be  taken  off,  the  force  of  the  fpring 
that  is  at  the  bottom  of  each  pifton  being 
greater  than  its  fridion,  and  the  weight 
of  the  figure  placed  over  it,  they  will  all 
gradually  rife  up,  and  prefent  themfelves 
in  their  proper  attitudes.  When  the  air 
is  again  let  into  the  receiver,  they  will  in 
like  manner,  retire  to  their  feparate 
apartments. 
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If  the  arms  and  legs  of  the  figures  be 
inflated  with  a due  quantity  of  air,  when 
the  prefiure  of  that  in  the  receiver  is 
taken  off,  they  will  be  extended,  and  may 
be  made  to  affume  any  attitude  required  ; 
and  when  the  air  is  again  let  into  the  re- 
ceiver, they  will  refume  their  former  po- 
ll tions. 

RECREATION  XIII. 

The  artificial  halo . 

T)LACE  a candle  on  one  fide  of  a re- 
ceiver,  and  let  the  fpeflator  place 
himfelf  at  feme  diftance  from  the  other 
fide.  As  foon  as  the  air  begins  to  be  ex- 
haufted,  and  becomes  attenuated  and 
charged  with  vapours  to  a proper  degree, 
the  light  of  the  candle  will  be  refraded 
through  that  medium  in  circles  of  various 
colours,  that  lively  referable  thofe  feen 
about  the  moon  in  a hazy  night. 
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RECREATION  XIV. 

The  mercurial  Jhower. 

EMENT  a piece  of  wood  into  the 


lower  part  of  the  neck  of  an  open  re- 
ceiver, and  pour  mercury  over  it.  After 
a few  ftrobes  of  the  pump,  the  preffure 
of  the  air  on  the  mercury  will  force  it 
through  the  pores  of  the  wood  in  form  of 
a beautiful  fhower  ; which,  if  the  receiver 
be  clear  and  the  weather  be  dry,  will  ap- 
pear luminous  in  a dark  chamber. 


RECREATION  XV, 


The  fountain  in  vacuo . 


TAKE  a tall  glafs  tube,  hermetically 
fealed  at  the  top  and  at  bottom,  by 
means  of  a brafs  cap,  fcrewed  on  to  a flop 
cock,  and  that  to  the  plate  of  the  pump. 
When  all  the  air  is  exhaufted  the  cock  is 
turned,  the  tube  is  taken  off  the  plate 
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and  immerfed  in  a bafon  of  mercury  or 
water  : then,  the  cock  being  again  turn- 
ed, the  fluid,  by  the  preffure  of  the  air, 
will  play  up  in  the  tube,  in  form  of  a 
fountain,  and  afford  a very  pleafing  ap- 
pearance. 

There  are  a great  number  of  other  ex- 
periments performed  by  the  air-pump  ; 
but  thefe  are  quite  fufficient  to  explain 
the  nature  of  the  airis  preffure  and  expan- 
fion,  which  is  their  general  intention. 

RECREATION  XVI. 

The  air-gun . 

T^HERE  are  two  forts  of  air-guns,  the 
common,  and  what  is  called  the  ma- 
gazine air-gun. 

The  common  air-gun  is  made  of  brafs, 
and  has  two  barrels,  (Plate  III.  Fig.  i.) 
The  inner  barrel  K A,  has  a fmaller  bore 

than 
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than  the  other  E C D R.  In  the  (lock  of 
the  gun  there  is  a fyringe  SMNP,  by 
which  the  air  is  inje&ed  into  the  cavity, 
between  the  two  barrels,  through  the 
valve  N P.  The  ball  K is  put  down  the 
fmaller  barrel  with  a rammer,  as  in  other 
guns.  At  T L is  another  valve,  which  be- 
ing drawn  open  by  the  trigger  O,  makes 
way  for  the  air  to  get  behind  the  ball, 
and  drive  it  out  with  great  violence.  By 
fuddenly  opening  and  (hutting  the  valve, 
one  charge  of  condenfed  air  will  ferve  for 
feveral  difcharges,  which  are  effe&ed  by 
means  of  the  lock  reprefented  in  Fig.  2. 

In  the  magazine  air-gun  there  is  an  ad- 
ditional barrel  of  a ferpentine  form, 
which  holds  ten  or  twelve  balls,  that  are 
brought  into  the  (hooting  barrel  fucceffive- 
ly,  by  means  of  a lever,  which  is  called  a 
hammer. 
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RECREATION  XVII. 

Artificial  rain  and  hail. 

MAKE  a hollow  cylinder  of  wood 
(PL  III.  Fig.  3.)  let  it  be  very 
thin  at  the  tides,  about  eight  or  ten 
inches  wide,  and  two  or  three  feet  in  di- 
ameter*. Divide  its  infide  into  five  equal 
parts,  by  the  boards  A.  of  five  or  fix  inch- 
es wide  ; and  let  there  be  between  them 
and  the  wooden  circle  afpace  B.  of  about 
one  fixth  of  an  inch.  You  are  to  obferve 
that  thefe  boards  are  to  be  placed  oblique- 
ly, as  in  the  figure. 

In  this  cylinder  put  four  or  five  pounds 
of  leaden  fhot,  of  a fize  that  will  eafily 
pafs  through  the  opening  you  have  left. 
Let  it  turn  on  the  axis  D,  and  be  fupport- 

ed  by  the  foot  C. 

* When  this  machine  is  intended  for  a theatre  it 
mull  bexonftru6ted  much  larger. 
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The  found  of  this  machine  when  in 
motion,  will  ftrongly  reprefent  that  of 
rain,  and  will  increafe  with  the  velocity 
of  the  motion.  To  produce  the  found 
of  hail,  a larger  fort  of  fhot  muft  be 
ufed. 

RECREATION  XVIII. 

The  magical  flowers  and  fruit. 

AKE  a box  A B C D,  (Plate  HI. 
JlVJL  Fig.  4.)  of  about  fix  inches  every 
way.  In  the  middle  of  the  top  A B,  let 
there  be  a hole,  through  which  is  to  pafs 
the  neck  of  the  veffel  E.  that  is  a kind 
of  hollow  copper  fphere,  of  three  or  four 
inches  diameter,  and  covered  at  its  top 
and  bottom  F and  G,  with  two  pieces  of 
the  fame  metal,  that  are  to  be  well  folder- 
ed  to  it.  To  the  part  next  F there  is  to  be 
foldered  the  tube  H,  about  half  an  inch  in 
diameter,  through  which  is  an  aperture 
of  a quarter  of  an  inch  : this  tube  muft  alfo 
be  pierced  horizontally,  by  an  opening  of 


one- 


44 


RATIONAL 


one-third  of  an  inch  at  I,  to  admit  a cock, 
the  key  of  which  mail  extend  to  the  out- 
lide  of  the  cafe  ; it  fhould  alfo  have  a 
fmal i aperture  of  about  one-tenth  of  an 
inch,  to  let  out  the  air  that  is  to  be  com- 
preffed  in  the  veffel  E,  as  we  fhall  now  ex- 
plain. 

To  force  the  air  into  the  hollow  veffel 
there  muft  be  adjufted  to  one  of  its  fides 
the  copper  fyringe  N M,  Fig.  5,  which 
has  a leather  valve  at  M,  and  another  at 
its  extremity  N : fo  that  by  the  alternate- 
ly thrufting  in  and  drawing  out  of  the 
pifton,  the  air  may  be  ffrongly  condenfed 
in  the  veffel  E. 

To  the  extremity  of  the  tube  H there 
is  to  be  fixed  the  little  tree  O,  which  is 
compofed  of  four  or  five  fine  branches  of 
copper  P,  Q,  R,  S,  that  proceed  from 
the  trunk  O.  Thefe  branches  are  to  be 
hollow  from  one  end  to  the  other,  that  the 
air  which  enters  at  the  bottom  may  extend 
itfelf  to  the  top  To  thefe  branches  are 

to 
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to  be  adj ufted  twigs,  made  of  brafs  wire, 
and  the  whole  is  to  be  decorated  with 
orange  leaves,  that  are  made  of  parch- 
ment, and  ftrongly  imitate  thofe  of  nature. 

The  end  of  each  of  the  branches  is  to 
dilate,  fo  that  they  may  contain  fmall 
pieces  of  very  fine  leather,  which  are  to 
take  the  figure  of  an  orange,  when  they 
are  extended  by  the  air  drove  through  the 
branches.  Thefe  leathers  muft  be  contain- 
ed within  the  extremities  of  the  branches, 
to  which  they  are  to  be  faftened  by  a filk 
thread  : and  there  muft  be  a fpace  left  at 
the  end  of  the  branch,  to  which  is  to  be 
fixed  the  bud  or  flower  of  a blowing 
orange. 

The  trunk  of  the  orange-tree  muft  ex- 
actly fit  the  tube  H,  that  none  of  the  air 
may  efcape  ; and  it  is  to  be  made  to  take 
out.  The  branches  and  the  leathers  that 
are  to  form  the  oranges  muft  be  accurate- 
ly painted,  to  favour  the  iliufion.  There 
fhouldbe  a glafs  cover  to  the  whole,  which 

will 
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will  prevent  any  one  from  touching  it  ; 
and  the  top  of  the  box  may  be  covered 
with  earth. 

Previous  to  the  performing  this  Recre- 
ation you  take  the  orange  tree  out  of  the 
cafe,  and  with  a little  flick  made  for  that 
purpofe,  you  put  each  of  the  oranges  with- 
in  the  end  of  the  branch,  together  with 
the  flowers  of  the  blowing  oranges ; fo 
that  no  part  of  them  may  appear : and 
the  better  to  conceal  them,  the  greateft 
number  of  leaves  may  be  at  the  ends  of 
the  branches.  The  tree  is  then  to  be  re- 
placed in  the  tube  H.  You  are  next  to 
turn  the  cock  at  I,  and  with  the  fyringe 
throw  a fufficient  quantity  of  air  into  the 
veffel  E. 

Matters  being  thus  prepared,  you  intro- 
duce the  box  and  tree  covered  with  the  glafs ; 
and  make  the  company  obferve,  that  in  its 
prefent  ftate  it  bearsneitherfiowersor  fruit, 
and  tell  them  if  it  be  their  pleafureitfhall  in~ 

ftantly 
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ftantly  produce  both.  You  then  turn  the 
cock  *,  when  the  flowers  or  buds  will  im- 
mediately appear,  and  will  be  fucceeded 
by  the  fruit. 

This  Recreation  may  be  performed  by 
putting  an  eolipile  in  the  box  inftead  of 
the  copper  veflel  ; under  which  you  place 
a chafing-dilh  with  hot  coals,  that  is  to  be 
fuppofed  to  produce  the  fudden  vege- 
tation in  the  tree.  The  air  in  the  eoli- 
pile  being  rarified  by  the  heat  will  pro- 
duce the  fame  effed  as  the  condenfed  air 
in  the  other  veflel. 


* This  cock  fhould  be  fo  concealed  that  you  may 
turn  it  without  being  obferved  by  the  company. 
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HYDROLOGY, 

DEFINITIONS. 

i f | YD RO LOGY  is  that  part  of 

A A phifiology  which  explains  the  pro-* 
perties  of  water.  It  is  ufually  divided  in- 
to  hydroftatics  and  hydraulics ; the  for- 
mer of  which  treats  of  the  manner  of 
weighing  water,  and  fluids  in  general, 
and  of  afcertaining  their  fpecific  gravi- 
ties, that  is  their  particular  weights  ; and 
the  other  fhows  the  manner  of  conveying 
water  from  one  place  to  another  *. 

2.  A fiphon  is  a bended  tube,  common- 
ly of  a form  nearly  refemblitig  half  an 
elliplis. 

3.  A valve  is  a fort  of  flap  or  cover, 
fixed  to  a pipe  or  other  body,  which  by 

* The  term  hydroftatics  is  frequently  ufed  for  a 
general  treatife  on  water,  but  certainly  with  im- 
propriety. 
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opening  one  way  only,  fuffers  the  water 
to  pafs,  but  not  to  return. 

4.  A pifton  is  a fmall  cylinder  fattened 
to  the  end  of  a rod,  and  fitted  to  the 
bore  of  a pipe  or  hollow  cylinder,  and 
frequently  contains  a valve. 

5.  The  hydrometer  is  an  inftrument 
conftruded  to  find  the  fpecific  gravities  of 
fluids. 

6.  The  hydroftatic  balance  is  contrived 
to  fhow  the  fpecific  gravities  of  fluids  and 
of  folids.  by  weighing  them  in  fluids. 

APHORISMS. 

1.  Water  is  a fcentiefs,  tranfparent, 
colourlefs  fluid*,  which,  with  a certain 
degree  of  cold,  turns  to  ice. 

* Though  fluidity  be  commonly  regarded  as  an 
cflential  property  of  water,  yet  many  philofophers, 
particularly  Boyle  and  Boerhaave,  confider  it  as  an  ad- 
ventitious circumflance,  produced  by  a certain  degree 
Qf  heat,  and  affert  its  natural  hate  to  be  that  of  a crys- 
talline, as  when  in  ice. 


2.  Water 


2.  Water  is  one  of  the  conftituent 
parts  of  all  bodies*. 

3.  All  fluids,  except  air,  are  incom- 
preffible  f . 

4 Though  water  is  lefs  diaphanous  than 
air,  it  is  more  penetrative,  as  it  will  per- 
vade bodies  that  air  will  not^. 

5.  Water diffolves  fome  bodies,  asfalts, 
and  conglutinates  others,  as  bricks,  ftones, 
bones,  foe. 

6.  Water  in  its  natural  flate,  contains 

* This  is  proved  by  diftillation,  for  'the  dry  eft 
woods,  earths,  bones,  and  ftones  pulverifed,  con- 
ftantly  yield  a certain  quantity  of  water.  It  has 
been  found  by  experiment,  that  the  water  contained 
in  a certain  quantity  of  air  was  nearly  equal  to  the 
air  itfelf. 

f If  a globe  of  gold  be  filled  with  water,  and  preffed 
with  a very  great  weight,  the  water  will  tranfude  the 
pores  of  the  gold,  and  cover  the  furface  of  the  globe, 
in  the  form  of  a fine  dew.  This  is  called  the  Floren- 
tine experiment. 

$ This  is  evident  from  its  palling  through  the  pores 
of  a bladder. 
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the  three  other  elements,  fire,  earth,  and 
air*. 

7.  The  water,  in  feveral  tubes  that 
communicate  with  each  other,  will  ftand  - 
at  the  fame  height  in  all  of  them,  whether 
they  be  fmall  or  great,  perpendicular  or 
oblique. 

8.  The  furface  of  water  contained  in  a 
veffel  will  always  be  even,  and  parallel  to 
the  horizon  f. 

9.  In  a velfel  of  water  the  preffure  of  the 
upper  on  the  lower  parts,  is  in  proportion 
to  the  depth  ; and  is  the  fame  at  the  fame 
depth,  whatever  be  the  diameter  of  the 
veffel. 

* We  have  already  faid  that  water  owes  its  fluidity 
to  heat,  audit  is  evident  from  many  experiments  with 
the  aiivpump,  that  it  contains  no  fmall  quantity  of 
air:  and  the  fediment  that  is  found  in  all  water,  except 
that  which  is  diftilled,  always  contains  a quantity  of 
earth. 

f In  large  bodies  of  water,  asthefea,  or  great  lakes, 
the  furface  will  not  be  plain,  but  fpherical,  as  making 
a part  of  the  furface  of  the  terraqueous  globe. 
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io.  The  preffure  of  a fluid  upward  is 
equal  to  its  preffure  downward,  at  any 
given  depth*. 

ir.  The  bottom  and  Aides  of  a veffel 
are  preffed  by  the  fluid  it  contains  in  pro- 
portion to  its  height,  without  any  regard 
to  the  quantity. 

1 2 . If  fluidsof  different  gravities  be  con- 
tained in  the  fame  veffel,  the  heavieft  will 
be  at  bottom,  the  lighted  at  top,  and  the 

* It  follows  from  this  and  the  preceding  aphorifm, 
that  the  lighted:  folid  may  he  funk  in  the  heavieft 
fluid,  as  cork  in  quickfilver,  and  will  remain  at  the 
bottom,  if  it  be  fo  contrived  that  none  of  the  fluid 
can  get  under  it.  On  the  contrary,  the  heavieft  fo- 
lid may  be  fufpended  in  the  lighted:  fluid  ; if  the  fluid 
be  of  afufticient  depth,  and  be  prevented  from  prefling 
on  the  top  of  the  folid.  This  is  commonly  proved  by 
putting  a guinea  in  a tube,  exaftly  of  the  fame  dia- 
meter, and  holding  it  to  the  bottom  by  means  of  a 
ftring.  Then,  as  gold  is  about  nineteen  times  hea- 
vier than  water,  if  you  put  the  tube  down  in  the 
water  to  about  nineteen  times  the  thicknefs  of  the 
guinea,  and  let  the  ftring  go,  the  guinea  will  not  link, 
but  be  fuftained  by  the  prefture  of  the  water  under 

it,  which  is  there  greater  than  the  gravity  of  the 
guinea. 
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reft  in  proportion  to  their  fpecific  gra- 
vities. 

13.  A body  that  is  heavier  than  an 
equal  quantity  of  any  fluid  will  fink  in 
that  fluid  ; if  it  be  lighter,  it  will  fwim  at 
the  top  ; but  if  it  be  of  the  fame  gravity, 
it  will  neither  fink  nor  fwim,  but  remain 
fufpended  in  any  part  of  that  fluid. 

14.  A folid  immerfed  in  a fluid  is 
preffed  by  that  fluid  on  all  fides,  in  pro- 
portion to  the  height  of  the  fluid  above 
the  folid.  Bodies  very  deeply  immerged 
may  be  confidered  as  equally  preffed  on 
all  fides. 

15.  Every  folid  immerfed  in  a fluid, 
lofesfo  much  of  its  weight,  as  is  equal  to 
a weight  of  a quantity  of  that  fluid  of 
the  fame  dimenfion  with  the  folid  *. 


* It  is  on  this  aphorifm  that  the  hydroftatic  ba- 
lance is  founded  : for  if  every  folid,  on  being  im- 
merfed in  a fluid,  loofes  fo  much  of  its  weight  as  is 
equal  to  the  weight  of  an  equal  bulk  of  that  fluid, 
it  follows  that  the  lighter  the  body  is,  the  greater 
proportion  of  its  weight  it  will  lofe  ; therefore,  if 

two 
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i6.  The  fluid  acquires  the  weight  the 
folid  lofes. 

two  bodies  of  equal  bulk  be  firft  weighed  in  air,  and 
then  in  water,  and  it  be  found  that  one  has  loft  half 
of  its  weight,  and  the  other  one-fourth,  it  follows 
that  the  fpecific  gravity  of  the  latter  is  to  that  of  the 
former  as  2 to  j-.  From  hence  alfo  is  derived  the  me- 
thod of  finding  the  fpecific  gravity  of  fluids,  for  if  the 
fame  folid  when  weighed  in  two  different  fluids,  lofes 
twice  as  much  in  one  as  in  the  other,  it  follows  that 
the  fpecific  gravity  of  the  former  muff  be  twice  as 
great  as  that  of  the  latter, 
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THE  HYDROLOGIC  APPARATUS. 

M ON  G the  hydrologic  apparatus, 


the  fyphon  claims  the  firft  regard, 
and  that  as  well  from  its  fimplicity,  as  its 
utility  in  explaining  the  more  complex 

machines. 

If  the  fyphon  EFG  (Plate  IV.  Fig.  i.) 
be  immerfed  in  the  veffel  of  water  A E C D, 
and  the  air  fucked  out  at  E*,  the  preffure  of 
the  air  upon  the  furface  of  the  water  in  the 
veffel  will  force  it  up  the  vacuity  in  the 
pipe  from  G,  and  paffing  through  the  top 
in  at  F,  it  will  defcend  in  the  other  leg, 
and  run  out  at  E,  as  long  as  the  furface  of 
the  water  is  above  the  bottom  of  the  leg 
C G.  You  mufl  obferve,  however,  that  to 
make  the  water  runout,  the  end  E of  the 

* If  the  fyphon  or  crane  be  filled  with  water,  then 
inverted,  and  one  end  placed  in  a veffel  of  water, 
it  will  have  the  fame  effe6t  as  drawing  out  the  air, 
and  when  the  fyphon  is  large,  will  be  more  eafily 
effected. 
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fyphon  mu  ft  be  below  G : for  if  both 
ends  be  parallel,  the  preffure  of  the  air 
on  each  end  will  be  equal,  and  the  water 
will  remain  in  the  fyphon. 

It  is  to  be  remembered,  that  the  top  of 
the  fyphon  muft  not  exceed  32  feet  per- 
pendicular altitude  above  the  furface  of 
the  water  in  the  veffel  ; for  a column 
of  air  of  the  height  of  the  atmofphere  is 
but  juft  equal  to  a column  of  water  of  32 
feet.  Mercury  may  be  drawn  through  a 
fyphon  in  the  fame  manner,  as  water  ; 
but  then  the  utmoft  height  of  the  fyphon 
muft  always  be  lefs  than  30  inches,  as 
mercury  is  near  14  times  heavier  than 
water.  That  fluids  are  forced  through  the 
fyphon  by  the  preffure  of  the  atmofphere 
is  proved  experimentally  by  the  air- 
pump  ; for  if  a fyphon  immerfed  in  a veffel 
of  water  be  placed,  when  running,  in  the 
receiver,  and  the  air  extrafled,  the  run- 
ning will  immediately  ceafe. 
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There  is  a fort  of  fyphon  that  will 
drawoff  water  without  having  the  air  pre- 
vioufly  extraded  from  it  : this  confifts  of 
a capillary  tube,  about  one  tenth  of  an 
inch  bore,  and  ads  by  the  attradion  of 
cohefion  : for  the  water  being  attraded 
by  the  leg  immerfed,  is  flowly  drawn  up 
to  the  top  of  the  fyphon,  and  from  thence 
gradually  defcends  by  its  gravity.  From 
the  fame  caufe  it  is,  that  if  one  end  of  a 
piece  of  the  lift  of  cloth  be  put  in  the  water 
of  a veffel,  and  the  other  end  hang  over 
its  fide,  the  water  will  be  fucked  up  by 
the  end  of  the  lift,  in  the  veffel,  which 
in  this  cafe  ads  as  a bundle  of  very  fine  ca- 
pillary tubes,  and  drop  from  the  other 
end.  This  experiment  with  a capillary 
tube  will  fucceed  in  vacuo. 


THE 
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THE  PUMP. 

HE  pump  is  at  once  the  moft  com* 


mon  and  moft  ufeful  of  all  hydrau- 
lic inftruments.  Of  pumps  there  are 
three  forts,  the  fucking,  forcing  and  lift- 
ing pump. 

A B (PI.  IV.  Fig.  2.)  is  the  pipe  or  bar- 
rel of  a common  fucking  pump,  C D the 
pifton  or  bucket,  EF  two  valves  that  open 
upward.  When  the  handle  of  the  pump 
is  put  down  it  raifes  the  bucket,  and  the 
valve  F fhuts.  The  water  above  the  buc- 
ket being  raifed,  a vacuum  is  left  under 
it,  and  the  external  air  preffi.ng.cn  the  wa- 
ter in  the  well  M N,  raifes  it  up,  through 
the  hole  B,  and  lifting  up  the  valve  E,  en- 
ters the  barrel  of  the  pump.  The  handle 
of  the  pump  being  then  raifed.  the  bucket 
defcends,  the  valve  F opens,  and  lets  the 
water  afcend  above  the  bucket.  'The 
preffure  of  the  water  at  the  fame  time 
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fhuts  the  valve  E,  fo  that  it  cannot  return 
through  B.  The  handle  being  again  prefft 
ed  down  the  bucket  is  again  raifed,  and 
more  water  afcends  through  B.  So  that  at 
every  ftroke  of  the  handle,  the  water  in 
the  barrel  is  increafed,  till  at  laft  it  runs 
out  at  the  pipe  H. 

If  the  bucket  be  more  than  30  or  32 
feet  from  the  furface  of  the  water  in  the 
well,  it  will  not  afcend  to  the  bucket,  for 
the  preffure  of  the  atmofpere,  as  we  have 
before  obferved,  is  but  equal  to  32  feet  of 
water.  The  weight  the  bucket  lifts  at 
each  ftroke,  is  equal  to  a column  of  water 
whofe  diameter  is  that  of  the  bore  of  the 
pump  and  its  height  M H.  It  is  therefore 
of  no  eonfequence  where  the  bucket  is 
placed,  with  regard  to  the  weight  of  wa- 
ter. To  balance  that  weight  the  handle 
fiiould  be  made  heavy.  The  pifton  or 
bucket  muft  be  furrounded  with  leather, 
that  it  may  exadly  fit  the  bore  of  the 
pump,  at  the  fame  time  it  moves  freely 
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up  and  down.  The  valves  alfo  fhould 
move  free,  and  fhut  quite  clofe.  The 
fmaller  the  bore  of  the  pump,  the  eafier 
it  will  work  ; but  the  wider  it  is,  and 
the  longer  the  ftroke  of  the  handle,  the 
more  water  it  will  raife. 

The  forcing  pump  is  conftruded  as 
follows : A B (PL  IV.  Fig.  3.)  is  the  bar- 
rel (landing  in  the  water  of  the  well  at  B. 
C is  the  pifton,  and  G the  handle  : C is 
a folid  piece,  without  any  valve,  as  no 
water  is  to  pafs  thro’ it : this  piece  fhould 
be  carefully  leathered,  and  made  to  fit  the 
barrel  fo  exadly,  that  in  its  motion  nei- 
ther water  nor  air  may  pafs  between  them. 
At  a diftance  below,  as  at  D,  a valve  is 
fixed.  Between  this  and  the  laweft  fitu- 
ation  of  the  pifton  C,  there  goes  off  a pipe. 
H,  in  which  is  fixed  a valve  at  E. 

Now  the  pifton  being  drawn  up  from 
C towards  A,  exhaufts  or  rarifies  the  air 
above  D,  which  caufes  the  water  to  rufh 
into  the  fpace  C D ; and  when  the  pifton 
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is  forced  down,  as  the  water  cannot  repafs 
at  D,  it  is  forced  to  afcend  into  the  pipe 
H,  and  through  its  valve  E into  the  cif- 
tern  F (which  may  be  placed  at  any  dis- 
tance from  the  pump)  and  from  thence  it 
runs  off' by  the  fpout. 

Of  lifting  pumps  there  are  feveral  forts  ,* 
the  raoft  common  is  thus  conftruded.  AB 
(PI.  IV.  Fig.  4.)  is  the  barrel,  fixed  in  the 
frame  K I L M ; which  is  alfo  fixed  im- 
moveable, with  the  lower  part  in  the  wa- 
ter that  is  to  be  pumped  up.  GEQHO  is  a 
frame  with  two  ftrong  iron  rods,  movea- 
ble through  holes  in  the  upper  and  lower 
parts  of  the  pump,  IK  and  LM.  In  the 
bottom  of  this  frame  is  fixed  an  inverted 
pifton  B D,  with  its  bucket  and  valve  up- 
perm  oft  at  D.  From  the  top  of  the  barrel 
there  goes  off  a part  K H,  either  fixed  to 
the  barrel,  or  moveable  by  aballandfock- 
et  (as  here  reprefented  at  F).  but  in  either 
cafe  fo  very  exad  and  tight,  that  no  water 
ox  air  can  poffibly  get  into  the  barrel,  as 
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that  would  prevent  the  effed  of  the  pump. 
In  this  part,  at  C,  is  fixed  in  a valve 
opening  upward. 

When  the  pifton  frame  is  thruft  down 
into  the  water,  the  pifton  D will  defcend, 
and  the  water  beneath  it  rufh  up  through 
the  valve  at  D,  and  get  above  the  pifton  ; 
where,  upon  the  frames  being  lifted  up, 
the  pifton  will  force  the  water  through 
the  valve  C,  into  the  ciftern  P,  there  to 
run  off  by  the  fpout.  It  is  to  be  remem- 
bered, that  this  fort  of  pump  muft  be  fet 
fo  far  in  the  water,  that  the  pifton  may 
play  below  its  furface.  It  appears  by  the 
above  defcription,  that  this  is  only  a dif- 
ferent manner  of  conftruding  a forcing 
pump. 
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THE  HYDROMETER. 

HIS  is  the  moft  eligible  of  all  inftru- 


ments  for  finding  the  fpecific  gra- 
vity  of  fluids  only,  as  well  for  eafe  as  ex- 
pedition. 

The  globe  of  the  hydrometer  fhould  be 
made  of  copper,  for  ivory  imbibes  fpirit- 
ous  liquors,  and  thereby  alters  their  gra- 
vity, and  glafs  requires  an  attention  that 
is  incompatible  with  expedition.  The  moft 
Ample  hydrometer  confifts  of  a copper 
ball,  B b (Plate  5.  Fig.  1.)  to  which  is 
foldered  a brafs  wire  A B,  one  quar- 
ter of  an  inch  thick.  The  upper  part 
of  this  wire  being  filed  flat  is  marked 
proof , at  m,  Fig.  2.  becaufe  it  finks  exadly 
to  that  mark  in  proof  fpirits.  There  are 
two  other  marks  at  A and  B,  Fig.  1.  to 
fhew  whether  the  liquor  be  one  tenth 
above  or  below  proof,  according  as  the 
hydrometer  finks  to  A,  or  emerges  to  B, 
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when  abrafs  weight,  as  C or  K,  is  fcrewed 
to  its  bottom  c.  There  are  other  weights 
to  fcrew  on,  which  fhew  the  fpecific 
gravity  of  different  fluids,  quite  down  to 
common  water. 

The  round  part  of  the  wire  above  the 
ball,  may  be  marked  fo  as  to  reprefent  ri- 
ver water  when  it  finks  to  R W,  Fig.  2. 
the  weight  which  anfwers  to  that  water  be- 
ing then  fcrewed  on  ; and  when  put  into 
fpring  water*  mineral  water,  fea  water, 
and  water  of  fait  fprings,  it  will  gradu- 
ally rife  to  the  mark  SP,  MI,  SE,  SA. 
On  the  contrary,  when  it  is  put  into 
Briftol  water,  rain  water,  port  wine,  and 
mountain  wine,  it  will  fucceffively  fink  to 
the  marks  b r,  ra,  po,  mo.  Inftruments  of 
this  kind  are  fometimes  called  areometers. 

There  is  another  fort  of  hydrometer 
that  is  calculated  to  afcertain  the  fpecific 
gravity  of  fluids  to  the  greateft  precifion 
poflible,  and  which  confifts  of  a large  hol- 
F 2 low 


68 


1 


RATIONAL 

low  ball  B (Plate  V.  Fig.  3.)  with  afmaller 
ball  b fcrewed  on  to  its  bottom,  partly 
filled  with  mercury  or  fmall  fhot,  in  or- 
der to  render  it  but  little  fpecifically 
lighter  than  water.  The  larger  ball  has 
alfo  a fhort  neck  at  C,  into  which  is  fcrew- 
ed  the  graduated  brafswire  AC,  which  by 
a fmall  weight  at  A,  caufes  the  body  of  the 
inftrument  to  defcend  into  the  fluid, 
with  part  of  the  ftem. 

When  this  inftrument  is  fwimming  in 
the  liquor  contained  in  thejarILMK,  the 
part  of  the  fluid  difplaced  by  it,  will  be 
equal  in  bulk  to  the  part  of  the  inftrument 
under  water,  and  equal  in  weight  to  the 
whole  inftrument.  Now,  fuppofe  the 
weight  of  the  whole  to  be  four  thoufand 
grains,  it  is  then  evident  we  can  by  this 
mean  compare  the  different  dimenfions 
of  four  thoufand  grains  of  feveral  forts  of 
fluids.  For  if  the  weight  at  A,  be  fuch  as 
will  caufe  the  ball  to  fink  in  rain  water, 
till  its  furface  comes  to  the  middle  point 
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of  the  flem  20,  and  after  that  if  it  be  im- 
merfed  in  common  fpring  water,  and  the 
furface  be  obferved  to  ftand  at  one-tenth 
of  an  inch  below  the  middle  point  20,  it 
fe  apparent  that  the  fame  weight  of  each 
water,  differs  only  in  bulk  by  the  magni- 
tude of  one-tenth  of  an  inch  in  the  flem. 

Now  fuppofe  the  flem  to  be  ten  inches 
long,  and  weight  a hundred  grains,  then 
every  tenth  of  an  inch  will  weigh  one 
grain  ; and  as  the  flem  is  of  brafs,  which 
is  about  eight  times  heavier  than  water, 
the  fame  bulk  of  water  will  be  equal 
to  one-eighth  of  a grain  and  confequently 
to  the  one-eighth  of  one-four  thoufandth 
part,  that  is,  one  thirty-two  thoufandth 
part  of  the  whole  bulk.  This  inftrument 
is  capable  of  ftiil  greater  precifion,  by 
making  the  flem  or  neck  confift  of  a flat 
thin  flip  of  brafs,  inflead  of  one  that  is 
cylindrical : for  by  this  mean  we  increafe 
the  furface,  which  is  the  moft  requifite  cir- 
cumftance,  and  diminifh  the  folidity, 
F 3 which 
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which  neceffarily  renders  the  inftrument 
ftill  more  accurate. 

To  adapt  this  inftrument  to  all  purpo- 
fes,  there  fhouldbe  two  ftems,  tofcrewon 
and  off,  in  a fmall  hole  at  a.  One  ftem 
fhould  be  a fmooth  thin  flip  of  brafs,  or 
rather  fteel,  like  a watch-fpring  fet 
ftraight,  fimilar  to  that  we  have  juft  men- 
tioned, on  one  fide  of  which  is  to  be  the 
feveral  marks  or  divifions  to  which  it 
will  fink  in  different  forts  of  water ; as 
rain,  river,  fpring,  fea,  and  fait  fpring 
waters,  fee,  and  on  the  other  fide  you 
may  mark  the  divifions  to  which  it  finks 
in  various  lighter  fluids,  as  hot  Bath  wa- 
ter, Briftol  water,  Lincomb  water,  Chel- 
tenham water,  port  wine,  mountain,  ma- 
deira,  and  other  forts  of  wines.  But  here 
the  weight  at  A on  the  top  muft  be  a lit- 
tle lefs  than  before,  when  it  was  ufed  for 
heavier  waters. 

But  in  trying  the  ftrength  of  the  fpi- 
ritous  liquors  a common  cylindric  ftem 
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will  do  beft,  becaufe  of  its  ftrength  and 
fteadinefs : and  this  ought  to  be  fo  con- 
trived, that  when  immerfed  in  what  is 
called  proof  fpirit,  the  furface  of  the  fpi- 
rit  may  be  upon  the  middle  point  20 : 
which  is  eafily  done  by  duly  adjufting  the 
fmall  weight  A,  on  the  top,  and  making 
the  ftem  of  fuch  a length,  that  when  im- 
merfed in  water,  it  may  juft  cover  the 
ball  and  rife  to  a ; but  when  immerfed  in 
pure  fpirit,  it  may  rife  to  the  top  A. 
Then  by  dividing  the  upper  and  lower 
parts  a 20  and  A 20,  into  ten  equal  parts 
each,  when  the  inftrument  is  immerfed  in 
any  fort  of  fpiritous  liquor  it  will  imme- 
diately fhow  how  much  it  is  above  or  be- 
low proof. 

Proof  fpirit  confifts  of  half  water, 
and  half  pure  fpirit,  that  is,  fuch  as 
when  poured  on  gunpowder,  and  fet 
on  fire,  will  burn  all  away  ; and  per- 
mits the  powder  to  take  fire  and  flafh 
as  in  open  air.  But  if  the  fpirit  be 
F 4 not 
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not  fo  highly  redified,  there  will  remain 
fome  water,  which  will  make  the  powder 
wet,  and  unfit  to  take  fire.  Proof  fpirit 
of  any  kind,  weighs  feven  pounds  twelve 
ounces  per  gallon. 

The  common  method  of  fhaking  the 
fpirits  in  a phial,  and  railing  a head  of 
bubbles,  to  judge  by  their  manner  of  rif- 
ing  or  breaking  whether  the  fpirit  be 
proof,  or  near  it,  is  very  fallacious.  There 
is  no  way  fo  certain,  and  at  the  fame 
time  fo  eafy  and  expeditious,  as  this  by  the 
hydrometer  : which  will  infallibly  de- 
monfirate  the  difference  of  bulks,  and 
confequently  the  fpecific  gravities  in  equal 
weights  of  fpirits,  to  the  thirty,  forty,  or 
fifty  thoufandth  part  of  the  whole,  which 
is  a degree  of  accuracy  no  one  can  wifh  to 
exceed. 
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THE  HYDROSTATIC  BALANCE. 
HOUGH  the  hydrometer  is  the  moft 


convenient  inftrument  for  meafuring 
the  fpecific  weights  of  fluids,  yet  for  a 
meafure  of  the  fpecific  gravity  of  all  fub- 
ftances,  we  muft  have  recourfe  to  the  hy- 
droftatic  balance  ; which  is  conftruded 
in  various  forms,  but  we  (hall  content  our- 
felves  here  with  defcribing  that  which 
appears  of  all  others  the  moft  accu- 


rate. 


VCG,  (PI.  V.  Fig.  4.)  is  the  ftand  or 
pillar  of  this  hydroftatic  balance,  which  is 
to  be  fixed  in  a table.  From  the  top  A, 
hangs,  by  two  filk  firings,  the  horizontal 
bar  B B,  from  which  is  fufpended  by  a 
ring  1,  the  fine  beam  of  a balance  b ; 
which  is  prevented  from  defcending  too 
low  on  either  fide  by  the  gentle  fpringing 
piece  lx  y z9  fixed  on  the  fupport  M.  The 
harnefs  is  anulated  at  0,  to  fhew  diftindly 
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the  perpendicular  pofition  of  the  examen, 
by  the  fmall  pointed  index  fixed  above 
it. 

The  firings  by  which  the  balance  is 
fufpended,  palling  over  two  pullies,  one 
on  each  fide  the  piece  at  A,  go  down  to 
the  bottom  on  the  other  fide,  and  are 
hung  over  the  hook  at  v ; which  hook, 
by  means  of  a fcrew  P,  is  moveable, 
about  one  inch  and  a quarter,  backward 
and  forward,  and  therefore  the  balance 
may  be  raifed  or  depreffed  fo  much.  But 
if  a greater  elevation  or  deprefiion  be  re- 
quired, the  Aiding  piece  S,  which  carries 
the  fcrew  P,  is  readily  moved  to  any  part 
of  the  fquare  brafs  rod  V K,  and  fixed  by 
means  of  a fcrew. 

The  motion  of  the  balance  being  thus 
adjufted,  the  reft  of  the  apparatus  is  as 
follows.  HH  is  a fmall  board,  fixed  up- 
on the  piece  D,  under  the  fcales  d and  e 
and  is  moveable  up  and  down  in  a long 
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flit  in  the  pillar,  above  C,  and  fattened  at 
any  part  by  a fcrew  behind.  From  the 
point  in  the  middle  of  the  bottom  of 
each  fcale  hangs,  by  a fine  hook,  a brafs 
wire  a d , and  a c.  Thefe  pafs  through 
two  holes  mm , in  the  table.  To  the  wire 
ad  is  fufpended  a curious  cylindric  wire 
r perforated  at  each  end  for  that  pur- 
pofe  : this  wire  r s is  covered  with  pa- 
per, graduated  by  equal  divifions,  and  is 
about  five  inches  long. 

In  the  corner  of  the  board  at  E,  is  fixed 
a brafs  tube,  on  which  a round  wire  h l is 
fo  adapted  as  to  move  neither  too  tight 
nor  two  free,  by  its  flat  head  I.  Upon 
the  lower  part  of  this  moves  another  tube 
Q,  which  has  fufficient  fridion  to  make  it 
remain  in  any  pofition  required  : to  this 
is  fixed  an  index  T,  moving  horizontally 
when  the  wire  h l is  turned  about,  and 
therefore  may  be  eafily  fet  to  the  gradu- 
ated wire  r s . To  the  lower  end  of  the 
wire  r s hangs  a weight  L,  and  to  that  a 
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wire  p n,  with  a fmall  brafs  ball  g,  about 
one-fourth  of  an  inch  diameter.  On  the 
other  fide,  to  the  wire  a c,  hangs  a large 
glafs  bubble  R,  by  a horfe  hair. 

Let  us  firft  fuppofe  the  weight  L taken 
away,  and  the  wire  p n fufpended  from  S ; 
and  on  the  other  fide,  let  the  bubble  R be 
taken  away,  and  the  weight  F fufpended 
at  c in  its  room*  This  weight  F we  fup- 
pofe to  be  fufficient  to  keep  the  feveral 
parts  hanging  to  the  other  fcale  in  equili- 
brio ; at  the  fame  time  that  the  middle 
point  of  the  wire  p n is  at  the  furface  of 
the  water  in  the  veffel  N.  The  wire  p n 
is  to  be  of  fuch  a fize  that  the  length 
of  one  inch  fhall  weigh  four  grains. 

Now  it  is  evident,  fince  brafs  is  eight 
times  heavier  than  water,  that  for  every 
inch  the  wire  finks  in  the  water  it  will 
become  half  a grain  lighter,  and  half  a 
grain  heavier  for  every  inch  it  rifes  out 
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of  the  water  : confequently,  by  finking 
two  inches  below  the  middle  point,  or 
railing  two  inches  above  it,  the  wire  will 
become  one  grain  lighter  or  heavier. 
Therefore,  if  when  the  middle  point  is  at 
the  furface  of  the  water  in  equilibrio,  the 
index  T,  be  fet  to  the  middle  point  a , of 
the  graduated  wire  r j,  and  the  diftance 
on  each  fide  a r and  a s contains  a hun- 
dred equal  parts,  then,  if  in  weighing  bo- 
dies the  weight  is  required  to  the  hun- 
dreth  part  of  a grain,  it  may  be  eafily 
had  by  proceeding  in  the  following  man- 
ner. 

Let  the  body  to  be  weighed  be  placed 
in  the  fcale  d.  Put  the  weight  X in  the 
fcale  e9  and  let  this  be  fo  determined,  that 
one  grain  more  fhall  be  two  much,  and 
one  grain  lefs,  too  little.  Then  the  bal- 
lance  being  moved  gently  up  and  down,  by 
the  fcrew  P,  till  the  equilibrium  be  nicely 
fhewn  at  o ; if  the  index  T be  at  the  mid- 
dle point  a of  the  wire  r s , it  fhews  that 
the  weights  put  into  the  fcale  e are  juft 
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equal  to  the  weight  of  the  body.  By  this 
method  we  find  the  abfolute  weight  of  the 
body  : the  relative  weight  is  found  by 
weighing  it  hydroftatically  in  water  as 
follows. 

Inftead  of  putting  the  body  into  the 
fcale  d , as  before,  let  it  hang  with  the 
weight  F,  at  the  hook  c,  by  a horfe-hair, 
as  at  R,  fuppofing  the  veffel  O of  water 
taken  away.  The  equilibrium  being  then 
made,  the  index  T ftanding  between  a and 
r,  at  the  thirty-fixth  divifion,  fhews  the 
weight  of  the  body  put  in  to  be  1095,36 
grains.  As  it  thus  hangs,  let  it  be  mi- 
ni er  fed  in  the  water  of  the  velfel  O,  and 
it  will  become  lighter  : the  fcale  e will 
defcend  till  the  beam  of  the  balance  reft 
on  the  fupport  Then  fuppofe  a hun- 
dred grains  put  into  the  fcale  d reftore 
the  equilibrium  precifely,  fo  that  the  in- 
dex T ftands  at  the  thirty-fixth  divifion 
above  a:  it  is  evident  that  the  weight  of 
an  equal  bulk  of  water  would,  in  this  cafe 
be  exadly  a hundred  grains. 
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After  a like  manner  this  balance  may 
be  applied  to  find  the  fpecific  gravity  of 
liquids,  as  is  eafy  to  conceive  from  what 
has  been  faid. 

. t 

THE  SCREW  OF  ARCHIMEDES. 

Thi  s is  a fort  of  fpherical  pump, 
and  receives  its  name  from  its  in- 
ventor. It  confifts  of  a long  cylinder  AR 
(PI.  VI.  Fig.  i.)  with  a hollow  pipe  C D 
round  it  : and  and  is  placed  in  an  ob- 
lique pofition,  with  the  lower  end  in  the 
water,  the  other  end  being  joined  to  the 
lower  end  of  the  winch  IK,  fupported  by 
the  upright  piece  I R. 

When  this  fcrew  is  immerfed  in  the 
water,  it  immediately  rifes  in  the  pipe, 
by  the  orifice  C,  to  a level  with  the  fur- 
face  of  the  water  EF,  and  if  the  point  in 
the  fpiral,  which  in  the  beginning  of  the 
motion  is  coincident  with  thefurfaceof  the 
water,  happen  not  to  be  on  the  lower  fide  of 
the  cylinder,  the  water  upon  the  motion  of 
the  fcrew,  will  move  on  in  the  fpiral,  till 
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it  come  to  the  point  on  the  other  fide  that 
is  coincident  with  the  water.  When  it 
arrives  at  that  point,  which  we  will  fup- 
pofe  to  be  O,  it  cannot  afterwards  poffefs 
any  other  part  of  the  fpiral  than  that  on 
the  loweft  part  of  the  cylinder  : for  it  can- 
not move  from  O towards  H or  G,  be- 
caufe  they  are  higher  above  the  horizon  : 
and  as  this  will  be  conftantly  the  cafe,  af- 
ter the  water  in  the  fpiral  has  attained  the 
point  O,  it  is  plain  it  muft  always  be  on 
the  under  fide  of  the  cylinder. 

But  becaufe  the  cylinder  is  in  conftant 
motion,  every  part  of  the  fpiral  fcrew, 
from  O to  D,  will  by  degrees  fucceed  to 
the  under  part  of  the  cylinder.  The  wa- 
ter therefore  muft  fucceed  to  every  part 
of  it,  from  O to  D,  as  it  comes  on  the  low- 
er fide,  that  is,  it  muft  afcend  on  the  low- 
er  part  of  the  cylinder,  through  all  the 
length  of  the  pipe,  till  it  come  to  the 
orifice  at  D,  where  it  muft  run  out,  hav- 
ing nothing  further  to  fupport  it. 
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the  balance  pumps. 

t 

'T'HIS  is  a fimple  and  eafy  method  of 
^ working  two  pumps  at  once,  by 
means  of  the  balance  AB,  (Plate  VI.  Fig. 
3.)  Having  a large  iron  ball  at  each  end, 
and  placed  in  equilibrio  on  the  two  fpin- 
dles  C,  as  reprefented  in  the  4th  figure. 
On  the  right  and  left  are  two  boards  I, 
nailed  to  the  two  crofs-pieces,  fattened  to 
the  axis  of  the  machine.  On  thefe  boards 
the  perfon  who  is  to  work  the  pump 
ftands,  and  fupports  himfelf  by  a crofs 
piece,  nailed  to  the  two  poftsED,  Fig.  3, 
At  the  diftance  of  ten  inches  on  each  fide 
the  axis,  are  fattened  the  pifton  rods  M N. 

The  man,  by  leaning  alternately  on  his 
right  and  left  foot,  puts  the  balance  in 
motion  by  which  the  pumps  O P,  are 
worked,  and  the  water  thrown  into  the 
pipe  H,  and  carried  to  a height  pro- 
portional to  the  diameter  of  tfye  valves, 
Vol.  IV.  G and 
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and  the  force  of  the  balance.  There  muff, 
be  placed  on  each  fide  an  iron  fpring,  as 
F and  G,  to  return  the  balance,  and  pre- 
vent its  acquiring  too  great  velocity. 

THE  HYDRAULIC  SCOOP. 

THIS  machine  confifts  of  five  pieces 
of  board,  forming  a fort  of  fcoop 
asB,  (Plate  VI.  Fig.  2.)  The  handle  C 
Is  fufpended  by  a rope,  fattened  to  three 
poles,  placed  in  a triangle,  and  tied  to- 
gether at  A. 

The  working  of  this  machine  confifts 
entirely  in  balancing  the  fcoop  that  con- 
tains the  water,  and  direding  it  in  fuch 
manner  that  the  water  may  be  thrown  in 
any  given  diredion.  It  is  evident  that  the 
operation  of  both  this  and  the  laft  ma- 
chine is  fo  very  eafy,  that  It  may  rather 
be  confidered  as  an  agreeable  and  faluta- 
ry  recreation,  than  hard  labour. 
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With  this  machine  a man  of  moderate 
ftrength,  by  two  ftrokes  in  four  feconds, 
can  draw  half  a cubic  foot  of  water,  that 
is,  more  than  four  hundred  cubic  feet  in 
. an  hour. 

This  machine  is  frequently  ufed  by  the 
Dutch  in  emptying  the  water  from  their 
dykes. 
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RECREATION  XIX. 

The  hydrojlatic  bellows. 

ET  AB  and  EF,  (PL  VI.  Fig.  5.)  be 


two  circular  boards  of  Oak  : the 
fides  AE  and  BF  are  to  be  of  leather,  and 
joined  very  clofe  to  the  top  and  bottom 
by  ftrong  nails.  C D is  a pipe  fcrewed 
into  a piece  of  brafs  on  the  top  board, 


at  C. 


Now  if  a man  blow  into  the  pipe  D C, 
he  may  raife  a very  heavy  weight  placed 
on  the  top  of  the  bellows.  Or  if  he  ftand 
on  the  top  A B,  he  will,  by  blowing 
flrongly  into  the  p*pe,  foon  blow  himfelf 


up. 


If  water  be  poured  in  at  D,  till  the  bel- 
lows and  pipe  be  full,  thepreffure  againft 
A B,  on  the  infide,  will  lift  as  much 
weight  on  the  top,  as  is  equal  to  a cylin- 
der of  water,  whofe  bafe  is  A B,  and  its 
height  CD. 
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RECREATION  XX. 

* ‘ The  water  clock . 

PROVIDE  a cylindric  veffel  of  glafs, 
or  china,  ABCD  (PL  VII.  Fig.  1.) 
about  a foot  high,  and  four  inches  diame- 
ter. Make  a hole  in  its  bottom,  in  which 
glue  a fmall  glafs  tube  E,  of  about  one- 
third  of  an  inch  diameter,  and  whofe  end 
has  been  partly  clofed  in  the  flame  of  a 
lamp,  fo  that  it  will  not  fuffer  the  water 
to  pafs  out  but  by  drops,  and  that  very 
flowly.  Cover  the  top  of  the  veffel  with 
a circle  of  wood  F,  in  the  center  of  which 
make  a round  hole  about  half  an  inch  di- 
ameter. 

Have  a glafs  tube  G H,  a foot  high, 
and  a quarter  of  an  inch  diameter,  and  at 
one  end  let  it  have  a fmall  glafs  globe  I,  to 
which  you  may  hang  a weight  L,  by  which 
it  is  kept  in  equilibrio,  on  or  near  the 
furface  of  the  water  ; or  you  may  pour  a 
G 3 fmall 
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fmall  quantity  of  mercury  into  the  tube, 
for  the  fame  purpofe.  Fill  the  veffel  with 
water  ; put  the  tube  in  it  ; and  over  it 
place  the  cover  F,  through  the  hole  of 
which  the  tube  muft  pafs  freely  up  and 
down.  Now,  as  the  water  drops  gradu- 
ally out  of  the  veffel,  the  tube  will  conti- 
nue to  defcend  till  it  come  to  the  bot- 
tom. 

Therefore,  pafte  on  the  tube  a graduated 
paper,  and  put  it  in  the  veffel  when  near- 
ly full  of  water.  Hang  a watch  by  it,  fet 
to  a certain  hour,  and  as  the  tube  defcends, 
mark  the  hours,  with  the  half  and  quarter 
hours.  If  the  veffel  be  fufficiently  large, 
with  regard  to  the  hole  at  the  bottom,  it 
will  go  for  twelve  hours,  a day,  or  as  much 
longer  asyoupleafe,  and  requires  no  other 
trouble  than  that  of  pouring  in  water  to 
a certain  height.  Care  muft  be  had  how- 
ever that  the  water  be  clean,  for  if  there 
be  any  fediment  it  will  in  time  flop  the 

fmall 
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fmall  hole  at  bottom,  or  at  leaft  render 
the  motion  of  the  water  irregular. 

The  veffel  may  be  of  tin,  but  the  pipe 
at  bottom  fhould  be  glafs,  that  its  fmall 
aperture  may  not  alter  by  ufe.  It  is  to 
be  obferved,  that  the  tube  of  one  of  thefe 
clocks  is  not  to  be  graduated  by  another, 
for  though  the  veffel  be  of  the  fame  dia- 
meter at  top,  it  may  not  be  perfedly  cy- 
lindrical throughout ; nor  is  it  eafy  to 
make  the  hole  at  the  bottom  of  one  veffel 
exadly  of  the  fame  dimenfion  with  that 
of  another. 
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RECREATION  XXI. 

The  globular  fountain. 

\ 

MAKE  a hollow  globe  A,  (PL  VII. 

Fig.  4.)  of  copper  or  lead,  and  of 
a fize  adapted  to  the  quantity  of  water 
that  comes  from  the  pipe  to  which  it  is 
to  be  placed.  Pierce  a number  of  fmall 
holes  through  this  globe,  that  all  tend  to- 
ward its  center*.  Annex  to  it  a pipe  B, 
of  fuch  height  as  you  think  convenient, 
and  let  it  be  fcrewed  at  C,  to  the  pipe 
from  whence  the  jet  flows. 

The  water  that  comes  from  the  jet  ruffl- 
ing with  violence  into  the  globe,  will  be 
forced  out  at  the  holes,  with  the  diredion 
in  which  they  are  made,  and  will  produce 
a very  pleating  fphere  of  water. 

* The  diameters  of  all  thefe  holes,  taken  together, 
mufl  not  exceed  that  of  the  pipe  at  the  part  from 
whence  the  water  flows. 
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RECREATION  XXII. 

The  hydraulic  dancer. 

D ROCURE  a little  figure,  made  of 
cork,  as  AB,  (PI.  7.  Fig.  2.)  which 
you  may  paint  or  drefs  in  a light  fluff, 
after  your  own  fancy  In  this  figure  you 
are  to  place  the  fmall  hollow  cone  C, 
made  of  thin  leaf  brafs. 

When  the  figure  is  placed  on  the  jet- 
d’eau  that  plays  in  a perpendicular  direc- 
tion, it  will  remain  fufpended  on  the  top 
of  the  water,  and  perform  a great  variety 
of  motions. 

If  a hollow  ball  of  copper,  of  an  inch 
dameter,  and  very  light,  be  placed  on  a 
fimilar  jet,  it  will  in  like  manner,  remain 
fufpended,  revolving  on  its  center,  and 
fpreading  the  water  all  round  it,  in  the 
manner  reprefented  by  Fig.  3. 

RECRE- 
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RECREATION  XXIII. 


‘ The  hemifpherical  cafcade. 


AKE  a hollow  leaden  cone  A,  (PI. 


1 v J.  VII.  Fig.  5.)  whole  axis  is  one-third 
of  the  diameter  of  its  bafe.  The  circle 
C,  that  forms  the  bafe  mult  be  in  pro- 
portion to  the  furface  of  water  that  flows 
from  the  jet  on  which  it  is  to  be  placed, 
that  it  may  flow  from  it  equally  on  all 
tides.  To  the  cone  join  the  pipe  B,  which 
ferves  not  only  as  a fupport,  but  is  to  be 
pierced  with  a number  of  holes,  that  it 
may  fupply  the  cone  with  a fufficient 
quantity  of  water.  Screw  the  tube  juft 
mentioned  to  the  top  of  that  from,  whence 
ihe  jet  proceeds. 

The  water  that  rufhes  into  the  cone 
from  the  pipe,  will  run  over  its  circum- 
ference, and  form  a hemifperical  cafcade. 
If  this  piece  be  fo  conftruded  that  it  may 
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be  placed  in  a reverfed  pofition,  it  will 
produce  a fountain  in  the  form  of  a vafe, 
(fee  Fig.  6.)  and  if  there  be  a fufficient 
quantity  of  water,  both  thefe  pieces  may 
be  placed  on  the  fame  pipe.  The  foun- 
tain at  top  and  the  cafcade  underneath ; 
which  by  their  variety,  will  produce  a 
very  pleafing  appearance. 

RECREATION  XXIV. 

The  water  fun . 

IE  T there  be  two  portions  of  a hollow 
^ fphere,  (Plate  VII.  Fig.  7.)  that  are 
very  fhallow  : and  let  them  be  fo  joined 
together,  that  the  circular  fpace  between 
them  may  be  very  narrow.  Fix  them  ver- 
tically to  a pipe  from  whence  a jet  pro- 
ceeds. In  that  part  by  which  the  por- 
tions of  the  fphere  are  joined,  there  muft 
be  made  a number  of  holes  ; then  the  wa- 
ter rufhing  into  the  narrow  cavity  will  be 
forced  out  from  the  holes,  and  produce  a 

regular 
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regular  figure  of  the  fun,  as  in  the  plate. 
This  piece  requires  a large  quantity  and 
force  of  water,  to  make  it  appear  to  ad- 
vantage. 

Several  pieces  of  this  fort  maybe  placed 
over  each  other,  in  a horizontal  direc- 
tion, and  fo  that  the  fame  pipe  may 
fupply  them  all  with  water,  (fee  Fig.  8.) 
It  is  proper  to  obferve,  that  the  diameter 
of  thefe  pieces  muft  continually  diminifh, 
in  proportion  to  their  diftance  from  the 
bottom. 

1 ' ' , 


RECREATION  XXV. 

‘ The  revolving  water  fun. 

M A KE  a hollow  circle  A,  (Plate  VIII. 

Fig.  i.)  the  fides  of  which  are  to 
be  pierced  with  nine,  twelve,  or  fifteen 
holes,  made  in  an  inclined  dire&ion  : or 
you  may  place  the  like  number  of  fmall 

tubes 
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tubes  round  the  circle.  Fix  this  circle 
on  the  top  of  a jet,  in  fuch  manner  that 
it  may  turn  freely  round. 

The  water  rufhing  violently  into  the 
hollow  circle  will  keep  it  in  continual 
motion  ; and  at  the  fame  time  forcing 
itfelf  out  of  the  holes  or  fmall  tubes,  will 
form  a revolving  figure,  with  rays  in  dif- 
ferent directions,  as  in  the  plate. 

RECREATION  XXVI. 

The  phial  of  the  four  elements . 

TAKE  a phial  fix  or  feven  inches 
long,  and  about  three  quarters  of 
an  inch  diameter.  In  this  phial  firfl:  put 
glafs  groflly  powdered  : fecondly,  oil  of 
tartar  per  deliquum  ; thirdly,  tindure  of 
fait  of  tartar  ; and  fourthly  diftilled  rock 
oik 

The  glafs  and  the  different  liquors  be- 
ing of  different  denfities,  if  you  {hake  the 

phial, 
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phial,  and  then  let  it  reft  for  a few  mo- 
ments, the  three  liquors  will  intirely  fepa- 
rate,  and  each  one  affume  its  proper  place, 
according  to  its  fpecific  gravity.  The 
powdered  glafs  at  the  bottom  of  the  phial 
may  be  fuppofed  to  reprefent  earth  ; the 
oil  of  tartar,  which  occupies  the  fecond 
place,  reprefents  water  : the  tindure  that 
floats  above  it  may  be  compared  to  the  air ; 
and  the  rock  oil  which  fwims  at  the  top,  is 
fuppofed  to  reprefent  the  element  of  fire. 

RECREATION  XXVII. 

Wze  magic  bottle . 

r1TAKE  a fmall  bottle  AB,  (PI.  VIII. 

Fig.  2.)  the  neck  of  which  muft  be 
very  narrow*,  and  have  a glafs  veffel  C D, 
whofe  height  exceeds  that  of  the  bottle 
about  two  inches. 

With  a fmall  funnel  fill  the  bottle  quite 
full  of  red  wine,  and  place  it  in  the  veffel 

* The  mouth  of  this  bottle  fhould  not  be  more 
than  one  fixth  of  an  inch  wide. 
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C D,  which  is  to  be  full  of  water.  The 
wine  will  presently  come  out  of  the  bottle, 
and  rife,  in  form  of  a fmall  column,  to  the 
furface  of  the  water  ; and  at  the  fame 
time  the  water  entering  the  bottle,  will 
fupply  the  place  of  the  wine  ; for  water 
being  fpecifically  heavier  than  wine,  muft 
hold  the  loweft  place,  while  the  other  na- 
turally rifes  to  the  top. 

A fimilar  effect  will  be  produced  if  the 
bottle  be  filled  with  water,  and  the  veffel 
with  wine.  For  the  bottle  being  placed 
in  the  veffel,  in  an  inverted  pofition,  the 
water  will  defcend  to  the  bottom  of  the 
veffel,  and  the  wine  will  mount  into  the 
bottle.  The  fame  effed  may  be  produced 
by  many  other  liquors,  whofe  fpecific 
gravities  are  confiderably  different. 
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RECREATION  XXVIII. 

' 

The  comprejfedjet  d’eau. 

PROVIDE  a ftrorig  copper  veffel  A* 
(Plate  VIII.  Fig.  6.)  of  fuch  figure 
as  you  think  convenient  ; in  which  folder 
a pipe  BE,  of  the  fame  metal.  Let  there 
be  a cock  at  H,  which  muft  be  made  fo 
tight  that  no  air  can  pafs  by  it.  The  pipe 
BE  muft  go  very  near  the  bottom  of  the 
veffel,  but  not  touch  it.  There  muft  be 
another  pipe  F,  at  whofe  extremity  G 
there  is  a very  fmall  hole ; this  pipe  muft 
be  fcrewed  into  the  former. 

i 

The  veffel  being  thus  difpofed,  take  a 
good  fyringe,  and  placing  the  end  of  it  in 
the  hole,  at  G,  open  the  cock,  and  force 
the  air  into  the  veffel : then  turn  the  cock, 
and  take  out  the  fyringe.  Repeat  this  ope- 
ration fcveral  times,  til!  the  air  in  the  vef- 
fel be  ftrongly  condenfed.  Then  fill  the 
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fyringe  with  water,  and  force  it  into  the 
veffel,  in  the  fame  manner  as  you  did  the 
air  ; and  repeat  this  operation  till  you 
can  force  no  more  water  into  the  veffel ; 
then  fliut  the  cock. 

This  veffel  will  be  always  ready  to  per- 
form an  extempore  jet  d’eau : for  on  turn- 
ing the  cock  thefpring  of  the  compreffed 
air  will  force  out  the  water  with  great 
violence,  and  the  jet  will  continue,  tho* 
continually  decreafing  in  force,  till  the 
water  is  all  exhaufted,  or  the  air  within 
the  veffel  is  come  to  the  fame  denfi'y 
with  that  without. 
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RECREATION  XXIX. 

The  marvellous  vejjel. 

ET  there  be  made  a tin  veffel,  about 


fix  inches  high,  and  three  inches  in 
diameter,  (PL  VIIL  Fig.  3.)  The  mouth 
of  this  veffel  B,  muff  be  only  one  quarter 
of  an  inch  wide  ; and  in  its  bottom  at  A, 
make  a great  number  of  fmall  holes,  about 
thefize  of  a common  fewing  needle. 

Plunge  this  veffel  in  water,  with  its 
mouth  open,  and  when  it  is  full,  cork  it 
up,  and  take  it  out  of  the  water.  So  long 
as  the  veffel  remains  corked,  no  water 
whatever  will  come  out,  but  as  foon  as  it 
is  uncorked,  the  water  will  iffue  from 
the  fmall  holes  at  its  bottom. 

You  muff  obferve,  that  if  the  holes  at 
the  bottom  of  the  veffel  be  more  than  one- 
fixth  of  an  inch  diameter,  or  if  they  be 
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in  too  great  number,  the  water  will  run 
out  though  the  veffel  be  corked ; for  then 
the  preffure  of  the  air  againft  the  bottom 
of  the  veffel  will  not  be  fufficient  to  con- 
fine the  water. 

A Recreation  fimilar  to  this  is  made 
with  a glafs  filled  with  water,  over  which 
a piece  of  paper  is  placed.  The  glafs  is 
then  inverted,  and  the  paper  drawn  dex- 
troufly  away,  when  the  water  by  the 
preffure  of  the  air  under  it,  will  remain 
in  the  glafs. 

RECREATION  XXX. 

‘ The  circulating  fountain, 

T N this  fountain  the  boxes  C E and 
1 D X (PI.  VIII.  Fig.  5.)  being  clofe, 
■you  fee  only  the  bafon  A W,  with  a hole 
at  W,  through  which  the  water  that  fpouts 
out  at  B falls,  and  runs  down,  through  the 
pipe  WX,  into  the  box  DX,  from  whence 
H 2 it 
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it  drives  out  the  air,  through  the  afcend- 
ingpipe  YZ,  into  the  cavity  of  the  box 
CE,  where  prefling  upon  the  water  con- 
tained in  that  box,  it  forces  it  out  thro’ 
the  fpouting  pipe  OB,  as  long  as  there  is 
any  water  in  C E ; fo  that  the  continu- 
ance of  the  play  is  while  the  water  in  CE 
fpouts  out  and  falls  down  through  the 
pipe  WX,  into  the  cavity  DX. 

The  force  of  the  jet  is  in  proportion  to 
the  height  of  the  pipe  W X,  or  of  the 
diftance  between  the  boxes  CE  and  DX. 
The  height  of  the  water,  meafured  from 
the  bafon  A W to  the  furface  of  the 
water  in  the  lower  box  D X,  is  always 
equal  to  the  height,  meafured  from  the 
top  of  the  jet  to  the  furface  of  the  water 
in  the  middle  cavity  C E.  Now,  fince 
the  furface  CE  is  always  falling,  and  the 
water  DX  is  always  riling,  the  height  of 
the  jet  muft  continually  decreafe,  till  it  is 
fhorter  by  the  depth  of  the  cavity  CE, 
which  is  emptying,  added  to  the  depth  of 

the 
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the  cavity  D X,  which  is  always  filling  ; 
and  when  the  jet  is  fallen  fo  low,  it  imme- 
diately ceafes. 

The  method  of  preparing  this  fountain 
is  as  follows.  Firft,  pour  water  in  at  W, 
till  you  have  filled  the  cavity  D X,  then 
turn  the  fountain  over,  and  the  water  will 
run  from  the  cavity  D X,  into  the  cavity 
C E,  which  you  will  know  to  be  full  by 
the  water’s  running  out  at  B,  when  it  is 
helddown.  Set  the  fountain  up  again,  and 
pour  about  a pint  of  water  into  the  bafon 
at  A W,  and  as  foon  as  it  has  filled  the 
pipe  W X,  the  fountain  will  play, 
and  continue  as  long  as  there  is  any  water 
in  CE.  You  may  then  empty  the  water 
left  in  the  bafon  into  any  other  veffel, 
and  invert  the  fountain : which  upon  be- 
ing placed  again  ered,  will  begin  to 
play,  when  the  water  poured  out  of 
the  bafon  is  put  into  it  again.  There 
are  fountains  of  this  fort  that  have  four 
pipes,  inftead  of  two,  and  by  that  mean 
H 3 the 
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the  water  is  forced  up  to  twice  the  height 
it  is  in  this. 

RECREATION  XXXI. 

‘ The  magical  cafcade. 

PROCURE  a tin  veffel  AB,  (Plate  VIII. 

Fig.  4.)  five  inches  high  and  four  in 
diameter  ; with  a cover  C,  clofed  at  top. 
To  the  bottom  of  this  veffel  let  there  be 
foldered  the  pipe  D E,  of  ten  inches 
length  and  half  an  inch  in  diameter  : this 
pipe  mu  ft  be  open  at  each  end,  and  the 
upper  end  muft  be  above  the  water  in 
the  veffel.  To  the  bottom  alfo  fix  five  or 
fix  fmall  tubes  F,  about  one-eighth  of  an 
inch  diameter.  By  thefe  pipes  the  water 
contained  in  the  veffel  is  to  run  flowly  out. 

Place  this  machine  on  a fort*of  tin  ba- 
fon  GH,  in  the  middle  of  which  is  a hole 
of  one  quarter  of  an  inch  diameter.  To 
the  tube  DE  fix  fome  pieces  that  may  fup- 
port  the  veffel  over  the  bafon,  and  ob- 
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ferve  that  the  end  D,  of  the  tube  D E, 
muft  be  little  more  than  one  quarter  of  an 
inch  from  the  bafon.  There  muft  be 
alfo  another  veflel  placed  under  the  bafon 
to  receive  the  water  that  runs  from  it. 

Now,  the  fmall  pipes  difcharging  more 
water  into  the  bafon  than  can  run  out  at 
the  hole  in  its  center,  the  water  will  rife 
in  the  bafon,  above  the  lower  end  of  the 
pipe  D E,  and  prevent  the  air  from  getting 
into  the  veflel  A R,  and  confequently  the 
water  will  ceafe  to  flow  from  the  fmall 
pipes.  But  the  water  continuing  to  flow 
from  the  bafon,  the  air  will  have  liberty 
again  to  enter  the  veflel  A R,  by  the  tube 
D E,  and  the  water  will  again  flow  from 
the  fmall  pipes.  Thus  they  will  alter- 
nately flop  and  flow,  as  lopg  as  any  water 
remains  in  the  veflel  A B. 

As  you  will  eafily  3mow,  by  obferving 
the  rife  of  the  water,  when  the  pipes  will 
ceafe  to  flow,  and  by  the  fall  of  it,  when 
they  will  begin  to  run  again,  you  may 
H 4 fafely 
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fafely  predid  the  change  ; or  you  may 
command  them  to  run  or  flop,  and  they 
will  feem  to  obey  your  orders. 

RECREATION  XXXII. 

\ The  illuminated  fountain . 

T^HIS  fountain  begins  to  play  when 
-*•  certain  candles  placed  round  it  are 
lighted,  and  flops  when,  thofe  candles 
are  extinguifhed.  It  isconftruded  as  fol- 
lows. Provide  two  cylindrical  veffels,  A B 
and  CD  (PL  VIII,  Fig.  7.)  Conned  them 
by  four  tubes  open  at  both  ends,  as  H I, 
&c.  fo  that  the  air  may  defcend  out  of 
the  higher  into  the  lower  veflel.  To  thefe 
tubes  fix  candlefticks,  and  to  the  hollow 
cover  EF,  of  the  lower  veflel,  fit  a fmall 
tube  K,  reaching  almoft  to  the  bottom  of 
the  veflel.  At  G let  there  be  an  aperture 
with  a fcrew,  whereby  water  may  be 
poured  into  C D,  which  when  filled  muft 
be  clofed  with  the  fcrew. 


Now 
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Now,  when  candles  at  H,  ike.  are  light- 
ed, the  air  in  the  upper  cover  and  conti- 
guous pipes  will  be  thereby  rarified,  and 
the  jet  from  the  fmall  tube  K will  begin 
to  play  : as  the  air  becomes  more  rarifled, 
the  force  of  the  jet  will  increafe,  and  it 
will  continue  to  play  till  the  water  in 
the  lower  veffel  is  exhaufled.  It  is  evident, 
that  as  the  motion  of  the  jet  is  caufed  by 
the  heat  of  the  candles,  if  .they  be  extin- 
guifhed,  the  fountain  muft  prefently  flop. 


RECREATION  XXXIII. 


The  folar  fountain. 

H E motion  of  the  water  in  this  foun- 


JL  tain  is  produced  by  the  heat  of  the 
fun,  in  the  following  manner:  GNS 
(PL  VIII.  Fig.  8.)  is  a thin  hollow  globe 
of  copper,  of  eighteen  inches  diameter, 
fupported by afmall  inverted bafon,  plaqed 
on  a frame  with  four  legs  ABCD,  which 
have  between  them,  at  the  bottom,  a bafon 
of  two  feet  diameter.  Through  the  leg 
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C paffes  a concealed  pipe,  which  comes 
from  G,  the  bottom  of  the  infide  of  the 
globe:  this  pipe  goes  by  H V,  and  joins 
the  upright  pipe  u I,  to  make  a jet  as  I. 
The  fhort  pipe  u I,  which  goes  to  the 
bottom  of  the  bafon,  has  a valve  at  u un- 
der the  horizontal  pipe,  HV,  and  another 
valve  at  V,  above  that  horizontal  pipe, 
under  the  cock  at  K.  The  ufe  of  this 
cock  is  to  keep  the  fountain  from  playing 
in  the  day  till  you  think  proper.  The 
North  pole  N of  the  globe  has  a fcrew 
that  opens  a hole  whereby  water  is  poured 
into  the  globe, 

The  machine  being  thus  prepared,  and 
the  globe  half  filled  with  water,  let  it  be 
fet  in  an  open  place,  when  the  heat  of 
the  fun,  rarifying  the  air  as  it  heats  the 
copper,  the  air  will  prefs  ftrongly  againfi 
the  water,  which  coming  down  the  pipe 
C C H V I,  will  lift  up  the  valve  at  V, 
and  fhut  the  valve  at  u . The  cock  be- 
ing opened,  the  water  will  fpout  out  at 

I,  and 
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I and  continue  to  play  a long  time,  if 
the  fun  fhine. 

At  night,  when  the  air  is  condenfed, 
that  which  is  on  the  outfide  of  the  vefiel 
will  prefs  on  the  adjutage  I,  and  fhut  the 
valve  V ; and  at  the  fame  time  preffing 
on  the  water  in  the  ba*fon  D u H,  which  has 
been  played  in  the  day,  will  pufh  it  up, 
through  the  valve  u9  and  pipe  u H G, 
into  the  globe,  fo  as  to  fill  it  again  to  the 
fame  height  as  at  firft.  When  the  fun 
fhines  again  on  the  globe,  the  fountain 
will  play  again,  &c.  A fmall  jet  will  play 
fix  or  eight  hours. 

If  the  globe  be  fet  to  the  latitude  of  the 
place,  and  redified  before  it  be  fixed,  with 
the  hour  lines  or  meridians  drawn  upon 
it,  the  hours  marked,  and  the  countries 
painted,  as  on  the  common  globe,  it  will 
form  a good  dial  ; the  fun  then  Aiming 
upon  the  fame  places  in  this  globe,  as  it 

does 
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does  on  the  6arth  itfelf.  This  fountain 
was  invented  by  Dr.  Defaguiiers. 

RECREATION  XXXIV. 

The  cup  of  Tantalus. 

IN  this  cup  is  placed  a fyphon,  the 
Ihorteft  leg  of  which  is  near  the  bot- 
tom of  the  cup,  and  the  longeft  is  con- 
cealed in  the  handle.  If  water  be  poured 
into  this  cup  it  will  not  run  out  till  it 
come  above  the  top  of  the  bended  part  of 
the  fyphon,  and  then,  by  the  preffure  of 
the  air,  it  will  be  forced  up  the  fhort  leg, 
and  run  out  by  that  in  the  handle,  till 
the  water  in  the  cup  be  lower  than  the 
fhort  leg  of  the  fyphon,  which  may  be 
placed  very  near  the  bottom  of  the  veffeh 
if  the  cup  be  filled  juft  to  the  top  of  the 
fyphon,  and  an  apple  or  orange  thrown  i 
in,  it  will,  by  railing  the  water,  have  the 
fame  effecft  as  pouring  in  more. 


This 
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This  is  called  the  cup  of  Tantalus, 
from  the  refemblance  of  an  experiment 
fometimes  made  with  an  image  placed  up- 
right in  the  cup,  (PI.  IX.  Fig.  1.)  to  the 
fable  of  Tantalus.  For  a fyphon  being 
placed  in  the  body  of  the  image,  one  end 
of  which  beginning  at  the  bottom  of  one 
foot  at  A,  rifes  to  the  upper  part  of  his 
breaft,  from  thence  defcends  through  the 
other  leg,  on  which  he  ftands,  and  from 
thence  through  the  bottom  of  the  cup, 
into  the  lower  part  at  B.  As  foon 
as  the  water  rifes  to  the  chin  of  the 
image,  above  S,  it  will  begin  to  run  out, 
in  the  fame  manner  as  from  the  cup  above- 
mentioned. 
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RECREATION  XXXV, 

The  fea  gage . 

HIS  inftrument  is  conftruded  as  fol- 


lows. A B (PL  IX.  Fig.  2.)  is  the 


gage  bottle,  in  which  is  cemented  the 
gage  tube  F /,  in  the  brafs  cap  at  G.  The 
upper  end  of  the  tube  F is  hermetically 
fealed,  and  the  lower,  open  end  /,  is  im- 
merfed  in  mercury,  marked  C,  on  which 
fwims  a fmall  furface  of  treacle.  On  the 
top  of  the  bottle  is  fcrewed  a pipe  of  brafs 
GH,  pierced  with  feveral  holes,  to  admit 
the  water  into  the  bottle  AB.  K is  a 
weight,  hanging  by  its  fhank  L,  in  a Poc- 
ket N,  with  a notch  on  one  fide  at  m,  in 
which  is  fixed  the  catch  /,  of  the  fpring  s9 
which  palling  through  the  hole  L,  in  the 
fhank  of  the  weight  K,  prevents  its  falling 
out,  when  once  hung  on.  On  the  top,  in 
the  upper  part  of  the  brafs  tube,  at  H,  is 
fixed  a large  empty  ball,  or  fullblown  blad- 
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der  I,  which  mud  be  of  fuch  a fize  that 
the  weight  K may  be  able  to  fink  the 
whole  under  water. 

This  inftrument  is  ufed  in  the  follow- 
ing manner.  The  weight  K is  hung  on* 
and  the  gage  being  let  fall  into  deep  wa- 
ter, finks  to  the  bottom  : the  focket  N is 
fomething  longer  than  the  fhank  L,  and 
therefore,  after  the  weight  K comes  to  the 
bottom,  the  gage  will  continue  to  de- 
fcend,  till  the  lower  part  of  the  focket 
ftrike  againft  the  weight : this  gives  liber- 
ty to  the  catch  to  fly  off  the  hole  L,  and 
let  go  the  weight  K.  When  this  is  done, 
the  ball  or  bladder  I,  inftantly  buoys  up 
the  gage  to  the  top  of  the  water. 

While  the  gage  is  finking,  the  water 
having  free  accefs  to  the  treacle  and  mer- 
cury in  the  bottle,  will,  by  its  preffure, 
force  it  up  in  the  tube  F /;  and  the 
height  to  which  it  has  been  forced  by  the 
greateft  preffure,  which  is  that  at  the  bot- 
tom, 
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tom,  will  be  fhewn  by  the  mark  in  tlie_ 
tube  which  the  treacle  leaves  behind  it  ; 
and  which  is  here  its  only  ufe.  This  (hows 
into  what  {pace  the  whole  air  in  the  tube 
Ff  is  compreffed,  and  confequently  the 
depth  of  water,  which  by  its  weight  pro- 
duced that  compreffion. 

If  the  gage  tube  F/be  of  glafs,  a fcale 
may  be  drawn  on  it  with  the  point  of  a 
diamond,  which  will  fhew  by  inflection, 
at  what  height  the  water  ftands  above  the 
bottom.  But  the  length  of  ten  inches  is 
not  fufficient  to  fathom  depths  at  fea  ; 
for  when  all  the  air  in  fuch  a length  of 
the  tube  is  compreffed  into  half  an  inch, 
the  depth  of  water  is  not  more  than  634 
feet,  which  is  not  half  a quarter  of  a mile. 

If  to  remedy  this,  we  ufe  a tube  50  inches 
long,  which  for  ftrength,  may  be  a mufket 
barrel,  and  if  the  air  be  compreffed  into 
the  hundredth  part  of  half  an  inch,  even 
then  the  depth  will  be  but  3300  feet,  that 

is 
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is  66 o feet  more  than  half  a mile.  But 
it  is  reafonable  to  fuppofe  the  cavities  of 
the  fea  bear  a near  proportion  to  the 
mountainous  parts  of  the  land,  fome  of 
which  are  more  than  three  miles  high. 
Therefore,  to  inveftigate  the  greateft 
depths  of  the  fea,  the  following  improve- 
ment was  made  to  the  foregoing  apparatus. 

Let  BCDF,  Fig.  3,  be  a hollow  metal 
globe,  on  the  top  of  which  is  fixed  the 
long  tube  A B,  whofe  capacity  is  one- 
ninth  part  of  the  globe.  At  the  lower 
part  D,  it  has  a fhort  tube  D E,  which  is 
to  {land  in  the  mercury  and  treacle.  The 
air  contained  in  this  compound  gage-tube 
is  compreffedby  the  water,  as  before  ; but 
the  degree  of  compreffion,  or  height  to 
which  the  treacle  has  been  forced,  cannot 
here  be  feen  through  the  tube  : therefore, 
to  anfwer  the  fame  end,  a {lender  rod  of 
metal  or  wood,  with  a knob  at  the  top  of 
the  tube  AB,  will  receive  the  mark  of  the 
treacle,  and  fhow  it  when  taken  out. 

Vcl.  IV,  I If 


RATIONAL 


1 14 

If  the  tube  be  50  inches  long,  and  of 
fuch  a bore  that  every  inch  in  length  be 
equal  to  a cubit  inch  of  air,  and  the  con- 
tent of  the  globe  and  tube  together  be 
500  cubic  inches;  then  if  the  air  be  com- 
preffed  within  a hundredth  part  of  the 
whole,  it  is  evident  that  the  treacle  will 
not  approach  the  top  of  the  tube  nearer 
than  five  inches,  which  will  anfwer  to 
the  depth  of  3300  feet  of  water,  as  above. 
Twice  that  depth  will  comprefs  the  air 
into  half  that  fpace,  nearly,  that  is,  two 
inches  and  a half,  which  correfponds  to 
6600  feet,  or  a mile  and  a quarter. 
Laftly,  half  that  fpace,  or  an  inch  and 
a quarter,  will  anfwer  to  double  the  laft 
depth,  that  is  13,200  feet,  or  two  miles 
and  a half ; which  is,  probably,  very  near 
the  greateft  depth  of  the  fea.  This  fea- 
gage  was  invented  by  the  Drs.  Hales  and 
Defaguliers. 
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RECREATION  XXXVI. 

The  diving  bell. 

HERE  have  been  many  machines 


JL  invented  to  explore  the  hidden 
chambers  of  the  deep ; as  may  be  eafily 
imagined  : for  when  curiofity  is  joined 
by  avarice  theyflrongly  excite  the  inven- 
tive faculty.  Of  all  thofe  machines  the 
moft  complete  is  that  invented  by  Dr. 
Halley,  who  does  not  appear,  however,  to 
have  been  excited  by  any  other  motive 
than  curiofity  ; nor  is  it  wonderful : for 
to  a man  of  his  exalted  faculties  one  mo- 
tive only  is  equal  to  many,  when  ading 
conjointly  on  a vulgar  mind. 

This  machine  was  in  the  form  of  a bell 
(PI.  IX.  Fig.  4.)  It  was  three  feet  wide 
at  top,  five  at  bottom,  and  eight  feet  high, 
and  contained  about  forty-three  cubic 
feet,  or  near  eight  hogfheads. 
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The  machine  was  coated  with  lead,  and 
fo  heavy  that  it  would  fink  empty.  The 
weight  was  diftributed  about  the  bottom 
IK,  fo  that  it  would  go  down  in  a perpen- 
dicular diredion  only.  In  the  top  was 
fixed  a ftrong  clear  glafs  D,  to  let  in  the 
light  from  above.  There  was  likewife  a 
cock  at  B,  to  let  out  the  hot,  foul  air.  Be- 
low was  fixed  a circular  feat  L M,  for  the 
divers  to  fit  on  ; and  lafily,  from  the 
bottom  hung,  by  three  ropes,  a ftage  for 
them  to  ftand  on,  while  they  were  per- 
forming their  operations.  This  machine 
was  fufpended  from  the  maft  of  a fhip  by 
a fprit,  which  was  fufficiently  fecured  to 
the  maft-head  by  flays,  and  was  direded 
by  braces  to  carry  it  over  board,  clear  of 
the  fide  of  the  fhip,  and  to  bring  it  in 
again. 

To  fixppiy  the  bell  with  air  under  water 
were  made  two  barrels,  fuch  as  C,  of  about 
63  gallons  each,  and  cafed  with  lead,  fo 
that  they  would  fink  empty ; each  of  them 

had 
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had  a hole  in  the  lower  part,  to  let  in  the 
water,  as  the  air  in  them  was  condenfed 
in  their  defcent,  and  to  let  it  out  again, 
when  they  were  drawn  up  from  below. 

To  a hole  in  the  top  of  the  barrel  was 
fixed  a leathern  pipe,  well  prepared  with 
bees-wax  and  oil ; this  pipe  was  long 
enough  to  fall  below  the  hole  at  the  bot- 
tom, and  kept  down  by  a weight  hanging 
to  it,  fo  that  the  air  in  the  upper  part, 
driven  there  by  the  encroachment  of  the 
water  in  the  defcent,  could  not  efcape, 
unlefs  the  lower  end  of  the  pipe  was  lifted 
up. 

Thefe  air  barrels  were  fitted  with  tackle 
adapted  to  make  them  rife  and  fall  alter- 
nately, like  two  buckets  in  a well.  In 
their  defcent  they  were  direded  by  lines, 
fattened  at  the  under  edge  of  the  bell,  to 
the  man  ttanding  on  the  ftage  to  receive 
them ; who  by  taking  up  the  ends  of  the 
pipes  above  the  furface  of  the  water  in  the 
I 3 bell, 
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bell,  gave  liberty  to  the  water  in  the  bar- 
rels to  force  all  the  air  in  the  upper  parts 
into  the  bell,  while  it  entered  below  and 
filled  the  barrels  : and  as  foon  as  one  was 
difcharged,  atafignal  given,  it  was  drawn 
up,  and  the  other  defcended  to  be  re'ady 
for  ufe. 

As  the  cold  air  rufhed  into  the  bell  from 
the  barrel  below,  it  expelled  the  hot  air 
through  the  cock  B,  at  the  top  of  the  bell, 
which  was  then  opened  for  that  purpofe. 
By  this  method  air  was  communicated  fo 
quick,  and  in  fuch  plenty,  that  the  Doc- 
tor tells  us,  hehimfelfwTas  one  of  five  who 
was  at  the  bottom  in  nine  or  ten  fathom 
water,  for  more  than  an  hour  and  a half 
together,  without  any  fort  of  ill  confe- 
quence  ; and  for  any  thing  that  appeared 
to  the  contrary,  he  might  have  continued 
there  as  long  as  he  pleafed. 

In  going  down,  it  is  neceffary  the  de- 
fcent  fhould  be  at  firfi:  very  gentle,  that 
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the  denfe  air  may  be  infpired,  to  keep  up 
by  its  fpring,  a balance  to  the  preffure  of 
the  air  in  the  bell.  At  each  twelve  feet 
of  defcent  the  bell  was  flopped,  and  the 
water  that  entered  was  driven  out,  by  let- 
ting in  three  or  four  barrels  of  frelh  air. 
By  this  means,  and  by  taking  off  the 
ftage,  the  bottom  of  the  fea  could  be 
fo  far  made  dry,  within  the  circuit  of  the 
bell,  as  not  to  be  over  fhoes  thereon. 

By  the  glafs  on  the  top  of  the  bell  fo 
much  light  entered,  when  the  fun  fhined, 
and  the  fea  was  clear  and  even,  that  Dr. 
Halley  could  fee  diftindly  to  write  and 
read.  By  the  return  of  the  air  barrels 
he  fent  up  orders,  wrote  with  an  iron  pen 
on  fmall  pieces  of  lead,  directing  where  the 
bell  was  to  be  moved.  But  in  dark  wea- 
ther when  the  fea  was  rough,  the  bell 
would  be  as  dark  as  night : but  then  the 
Dodor  obferved,  he  could  keep  a candle 
burning  in  the  bell  as  long  as  hepleafed ; 
for  it  is  found  by  experiment,  that  a can- 
I 4 die 
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die  confumes  as  much  air  in  a minute  as  a 
man,  that  is,  about  one  gallon. 

The  only  inconvenience  attending  this 
bell  was,  that  upon  firft  going  down,  they 
felt  a fmall  pain  in  their  ears,  as  if  the 
end  of  a quill  was  forcibly  thruft  into 
them.  This  pain  prefently  ceafed,  but 
on  defcending  lower  returned  again,  and 
again  ceafed;  and  fo  alternately,  ’till the 
machine  got  to  the  bottom,  then  the  air 
remained  of  the  fame  denfity.  This  in- 
convenience is  fuppofed  to  be  occafioned 
by  the  condenfed  air  {hutting  up  a valve, 
leading  from  feme  cavity  in  the  ear,  full 
of  common  air ; but  as  the  condenfed  air 
continues  to  prefs  harder,  it  forces  the 
valve  to  give  way,  and  fills  every  cavity. 
One  of  the  divers,  thinking  to  prevent 
this  preffure,  flopped  his  ears  with  a pled- 
get of  paper  ; which,  as  the  bell  defend- 
ed, was  forced  fo  far  into  his  ears,  that  it 
was  with  great  difficulty  the  furgeon 
could  extrad  it. 
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This  bell  was  fo  improved  by  the  in- 
ventor, that  he  could  detach  one  of  his 
divers  to  the  diftance  of  a hundred  yards 
from  it.  For  this  purpofe  he  contrived 
a cap  or  head-piece,  fomething  like  an 
inverted  hand-bafket,  as  F,  with  a glafs 
in  the  fore  part,  for  the  diver  to  fee 
his  wTay. 

This  cap  was  of  lead,  and  made  to  fit 
quite  cofe  about  his  fhoulders  : in  the  top 
of  it  was  fixed  a flexible  pipe,  communi- 
cating with  the  bell,  and  by  turning  a 
ftop-cock  near  his  head-piece,  he  received 
air  whenever  he  pleafed.  There  wasalfo 
another  cock  at  the  end  of  the  pipe  in 
the  bell,  to  prevent  any  accident  happen- 
ing from  the  perfon  without.  Thisperfon 
was  well  cloathed  with  thick  flannels, 
which  were  warmed  upon  him  before  he 
left  the  bell,  and  would  not  fuffer  the  cold 
water  to  penetrate  ; he  was  alfo  furnifhed 
with  a girdle  of  large  leaden  weights,  and 
clogs  of  lead  for  the  feet,  which,  with 

the 
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the  weight  of  the  leaden  cap,  kept  him 
firm  on  the  ground.  His  cap  contained 
air  enough  to  ferve  him  a minute  or  two ; 
then  by  railing  himfelf  above  the  bell, 
and  turning  the  cock  F,  he  could  reple- 
nilh  it  with  frefh  air.  The  pipe  he  coiled 
round  his  arm,  which  ferved  him  as  a 
clue  to  find  his  way  back  to  the  bell. 

Since  the  invention  of  the  above  diving 
machine,  there  has  been  one  contrived  by 
M.  Triewald,  F.  R.  S.  and  military  archi- 
ted  to  the  King  of  Sweden,  which,  for  a 
Angle  perfon,  is  in  fome  refpeds  more 
eligible,  and  is  conftruded  as  follows.  AB, 
(PI.  IX.  Fig.  5.)  is  the  bell,  which  is  funk 
by  lead  weights  DD,  hung  to  its  bottom. 
This  bell  is  of  copper,  and  tinned  all  over 
on  the  infide,  which  is  illuminated  by 
three  ftrong  convex  lenfes  G,  G,  G,  with 
copper  lids  H,  H,  H,  to  defend  them. 
The  iron  ring  or  plate  E,  ferves  the  diver 
to  (land  on  when  he  is  at  work,  and  is 
fufpended  at  fuch  a diftance  from  the 

bottom 
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bottom  of  the  bell,  by  the  chains  F,  F, 
F,  that  when  the  diver  ftands  upright,  his 
head  is  juft  above  the  water  in  the  bell, 
where  the  air  is  much  better  than  higher 
up,  becaufe  it  is  colder,  and  confequently 
more  fit  for  refpiration.  But  as  the  diver 
muft  be  fometimes  entirely  within  the 
bell,  and  his  head  of  courfe  in  the  upper 
part,  the  inventor  contrived,  that  even 
there,  when  he  has  breathed  the  hot  air, 
as  long  as  he  well  can,  he  may,  by  means 
of  a fpiral  copper  tube  C placed  clofe  to 
the  infide  of  the  bell,  draw  the  cooler  and 
frefher  air  from  the  lowermoft  parts  ; for 
which  purpofe  a flexible  leather  tube, 
about  two  feet  long,  is  fixed  by  one  end 
to  the  upper  part  of  the  copper  tube  ; 
and  to  the  other  end  is  fixed  an  ivory 
mouth-piece,  by  which  the  diver  refpires 
the  air  from  below. 
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PYROTECHNICS. 


DEFINITIONS.  * 

i.  PYROTECHNICS,  is  that 

■*-  branch  of  phyfiology  which  ex- 
plains the  nature  of  fire,  and  the  manner 
of  employing  it  in  offices  of  ufe  or 
pleafure. 

2.  Fire  is  faid  to  be  of  fix  degrees. 

3.  The  firft  degree  of  fire  is  that  mea- 
fured  by  FarenheiCs  thermometer  be- 
tween its  firfl;  and  80th  degree  ; and  is 
the  limit  neceflary  to  vegetation. 

4.  The  fecond  degree  of  fire,  is  that 
contained  between  the  40th  and  94th  de- 
grees of  the  fame  thermometer. : and  is 
that  neceflary  to  animal  life. 

5.  The  third  degree  of  heat  extends 
from  the  94th  to  the  2i2thdegree  of  that 

thermo- 
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thermometer  ; the  laft  of  which  is  coni-* 
monly  that  of  boiling  water. 

6.  The  fourth  degree  of  heat  is  extend- 
ed to  the  600  degree  of  the  fame  ther- 
mometer ; which  is  very  near  the  boiling 
point  of  mercury : within  this  degree  lead 
and  tin  melt*. 

7.  The  fifth  degree  of  heat  is  that  in 
which  all  metals  and  fixed  faltsmelt,  and 
mofi  other  bodies  vitrify  or  become  vola- 
tile. This  is  the  extreme  heat  of  a che-* 
mica!  furnace. 

8.  The  fixth  degree  of  heat  is  that  of 
the  focus  of  a large  lens  or  mirror,  which 
no  fubftance  can  fufiain  unaltered. 

9.  Heat  is  divided  into  abfolute  and  re- 
lative : abfolute  heat  is  that  which  exifts 
in  any  fubftance : and  relative  or  compa- 
rative heat  is  that  which  is  perceived  by 
an  animal  body. 

* Thefe  divifionsof  heat  by  the  thermometer,  were 
firfl  fixed  by  the  illuftrious  Boerhaave. 
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APHORISMS. 

1.  Abfolute  heat  proceeds  from  an  in- 
teftine  motion  in  the  parts  of  any  body*. 

2.  Relative  heat  arifes  from  the  degree 
of  inteftine  motion  in  any  fubftance  be- 
ing greater  than  that  of  the  animal  body 
to  which  it  is  applied. 

3.  There  is  the  fame  affinity  between 
abfolute  and  relative  heat,  as  between  mo- 
tion and  velocity  : abfolute  heat  being 
the  whole  motion  of  all  the  parts  of  the 
heated  body,  and  relative  heat  only  the 
comparative  velocity  of  the  parts  f . 

* This  is  the  do6trine  of  fire  maintained  by  the 
Englifh  philofophers  : thofe  of  other  nations  affert,  in 
general,  that  fire  is  an  element,  like  air  and  water, 
that  it  is  contained  in  all  bodies,  and  obtainable  from 
them  by  attrition  or  pulfation. 

f This  is  exemplified  by  placing  equal  quantities 
of  mercury  and  water  over  a fand  heat,  where  the 
fire  being  uniformly  communicated  to  each  of  them, 
they  will  acquire,  in  the  fame  time,  the  fame  degree 
of  abfolute  heat:  but  the  relative  heat,  or  that 
that  is  fenfible  to  an  animal  body,  will  be  near 
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4.  When  the  motion  of  the  parts  of  an 
inflammable  body  is  increafed  to  a cer- 
tain degree,  it  will  throw  off  a quantity 
of  particles,  in  form  of  fmoke.  If  the 
velocity  be  further  increafed,  thofe  par- 
ticles will  become  fparks  of  fire  : and  if 
the  velocity  be  ff ill  further  increafed, 
thofe  particles  will  make  a body  of  fire,  in 
the  form  of  a flame. 

5.  The  effect  of  fire  in  burning  pro- 
ceeds from  the  velocity  of  its  particles, 
which  fo  far  increafe  the  velocity  of 
thofe  of  the  body  to  which  it  is  applied, 
as  to  feparate  them  from  the  body,  and 
drive  them  beyond  the  fphere  of  its  at- 
traction. By  which  mean  the  body  is 
diffolved,  fuch  of  its  particles  as  are  vola- 
tile fly  off  in  fmoke  or  flame,  and  the 
reft  remain  in  the  form  of  a calx  or  afhes. 

6.  The  force  or  burning  power  of  the 

fourteen  times  greater  in  the  water  than  the  mer- 

O 

cury ; for  the  water  having  fourteen  times  lefs  matter, 
will  have  acquired  a velocity,  in  proportion  as  much 
greater. 
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particles  of  fire  when  condenfed,  as  in 
the  focus  of  a lens  or  mirror,  are  increafed 
in  proportion  to  the  area  of  the  glafs,  di- 
re&ly,  arid  the  fquare  of  the  focal  dif- 
tance,  inverfly*. 

7.  The  forcing  of  heat  increafes  in 
proportion  to  thefquares  of  the  diftances, 
inverfly  ; that  is  at  the  diftance  of  one 
foot  the  fire  is  four  times  as  flrong  as  at 
two  feet,  and  nine  times  as  flrong  as  at 
three  feet ; and  fo  in  proportion. 

8.  The  dimenfions  of  bodies  in  general, 
are  increafed  by  heat  f. 

* For  example  : fuppofe  the  area  of  one  glafs 
be  to  twelve  fquare  inches,  and  its  focal  diftance  nine 
inches  ; and  the  area  of  another  to  be  ten  inches,  and 
its  focal  diftance  five  inches.  Then  the  burning 
power  of  the  former  will  be  to  the  latter  as  12  multi- 
plied by  25,  is  to  10  multiplied  by  81  ; that  is,  as 
300  to  810,  or  as  30  to  81. 

f Dr.  Halley  found  that  water  has  no  percep- 
tible expanfion  when  gently  heated,  but  when 
boiled,  expands  one  twenty-fixth  part.  Mercury 
with  a very  gentle  heat  expands  one-feventy-fourth 
part,  and  fpirit  of  wine,  with  a heat  much  lefs 
than  that  of  boiling  water,  expands  one-twelfth. 
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g.  Fire  pervades,  and  is  found  in  all 
bodies. 

10.  The  immediate  inflammable  mat- 
ter of  every  body  is  oil,  or  an  undious 
fubftance. 

11.  No  fubftance  will  continue  to  burn 
without  the  admiffion  of  frefh  air. 

12.  Fire  ads  in  all  diredions  from  the 
ignited  body,  as  from  a center. 

M.  Mufhenbroek  found  the  expanfions  of  the  follow- 
ing metals  in  the  fame  heat,  to  be  in  the  proportions 
here  fet  down.  Silver  78  ; iron  80  ; fteel  85  ; copper 
89  ; brafs  no ; tin  153  ; lead  155. 
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RECREATION  XXXVII. 

The  inflammable  phofphorus *. 


AKE  the  meal  or  flour  of  any  ve* 


getable,  put  it  into  an  iron  pan 
over  a moderate  fire,  and  keep  it  ftirring 
with  an  iron  fpatula,  till  it  be  converted 
into  a black  powder  •:  to  one  part  of  this 
add  four  parts  of  crude  alum.  Make  the 
whole  into  a fine  powder,  which,  being 
put  into  an  iron  pan  over  the  fire,  is  to  be 
kept  conftantly  ftirring  with  a fpatula  till 
almoft  ignited,  to  prevent  its  cohering  in 
lumps,  as  it  is  apt  to  do  upon  the  melting 
of  the  alum,  in  which  cafe  it  muft  be 
broke  again,  ftirred  about,  and  accurately 
mixed  with  the  flour,  till  it  emit  no 
more  fumes,  and  the  whole  appear  a fine, 
dry,  black,  fixed  powder. 

* For  a .more  eafy  method  of  preparing  a lucid 
phofphorus,  fee  Vol.  III.  p.  91. 
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Put  this  powder  in  a clear,  dry  phial, 
with  a narrow  neck,  filling  to  about  one- 
third  from  the  top.  Then  flop  the  mouth 
of  the  phial  with  loofe  paper,  fo  as  to  let 
the  air  pafs  freely  through  it,  and  leave 
room  for  fumes  to  come  thro’  the  neck. 
Place  the  phial  in  a crucible,  encom- 
paffed  on  all  fides  with  fand,  but  fo  that 
it  may  not  touch  any  part  either  of  the 
bottom  or  fides  of  the  crucible,  but  a con- 
fiderable  fpace  be  every  where  left  be- 
tween them.  The  phial  muft  be  covered 
up  with  fand,  fo  as  only  to  leave  a part  of 
it  bare,  through  which  you  may  perceive 
whether  the  matter  be  ignited.  In  this 
ftate  the  crucible  is  tobefurrounded  with 
coals  kindled  flowly,  till  it  be  well  heated 
on  all  fides,  when  the  fire  is  to  be  raifed, 
till  the  crucible,  fand,  gravel,  glafs  and 
matterinit,  beredhotv;  in  which  ftate  they 
are  to  be  kept  for  an  hour  ; after  this  the 
fire  being  ftill  kept  up,  the  orifice  of  the 
phial  is  to  be  well  clofed  with  wax,  to 
prevent  any  air  from  entering.  Thus 
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the  whole  being  left  to  cool  undifturbed, 
yon  will  at  laft  find  in  the  phial  a black 
dufty  coal,  formed  of  the  flour  and  alum. 

V 

A fmall  quantity  of  the  matter  con- 
tained in  this  phial  being  fhook  out,  into 
the  cold  air,  immediately  takes  fire  and 
burns  ; but  having  once  felt  the  air,  lofes 
all  power  of  kindling  thereby.  This  man- 
ner of  producing  fire  appears  the  moft  ex- 
traordinary of  all  that  have  hitherto  been 
difcovered,  fince  the  matter  thus  prepared 
will  preferve  its  virtue  three  months,  pro- 
vided the  air  be  kept  from  it  : but  if  the 
fmalleft  quantity  of  moifture,  even  of  that 
little  which  is  lodged  in  the  air,  come  to 
touch  this  powder,  the  experiment  will 
not  fucceed. 
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RECREATION  XXXVIII. 

The  liquid  phofphorus . 

TAKE  apiece  of  Englifh  phofpho* 
rus,  about  the  fize  of  a pea,  and  cut- 
ting it  very  fmall,  put  it  into  half  a glafs 
of  quite  clear  water.  Boil  it  in  a little 
earthen  veffel  over  a moderate  fire.  Have 
a phial  with  a narrow  neck  and  a glafs 
ftopper ; take  out  the  ftopper  and  plunge 
the  phial  in  boiling  water  : then  take  it 
out,  and  pouring  out  the  water,  put  the 
boiling  mixture  immediately  into  it  : in- 
ftantly  flop  the  phial,  and  cover  it  with  a 
cement,  that  the  air  may  not  in  any  de- 
gree enter  it. 

This  mixture  will  fhine  in  the  dark  for 
feveral  months,  though  the  phial  be  not 
touched  : if  it  be  fhook,  efpecially  in 
warm,  dry  weather,  very  ftrong  light- 
nings will  dart  from  the  middle  of  the 
water. 
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Some  pleafing  amufements  may  be  pro- 
duced by  putting  this  phofphorus  in  a 
long  or  broad  phial,  and  palling  a paper 
over  it,  in  which  letters  or  figures  are 
cut. 

RECREATION  XXXIX. 

( The  fulminating  gold. 

PLACE  a a fmall  mattrafs,  on  a fand 
heat,  and  in  it  put  one  part  of  filings 
of  pure  gold  and  three  parts  of  aqua  regia. 
When  the  liquor  has  entirely  difiblved 
the  gold,  put  the  mixture  in  a phial,  and 
add  five  or  fix  times  as  much  common 
water 

Then  take  fpirit  of  fal  ammoniac,  or 
oil  of  tartar,  and  pour  it,  drop  by  drop, 
on  the  diffolution  till  the  ebullition  ceafe. 
Let  this  mixture  reft,  till  the  gold  be  en- 
tirely precipitated  to  the  bottom  of  the 
phial.  Pour  the  water  that  fwims  at  the 
top  gently  off,  and  after  wafhing  this 
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gold  duff  feveral  times  in  common  water, 
dry  it  by  a very  moderate  heat,  by  put- 
ting it  on  a paper  that  will  abforbe  all 
its  moifture. 

If  a grain  of  this  powder  be  put  in  a 
copper  fpoon,  over  the  flame  of  a candle, 
as  foon  as  it  is  well  heated,  it  will  go  off 
with  a report  like  that  of  a piftol.  If  the 
fpoon  be  not  fufficiently  ftrong,  the  mat- 
ter will  run  through  it,  and  make  an  ex- 
ploiion  underneath,  with  great  violence. 

RECREATION  XL. 

T he  burning  fountain . 

MAKE  a veffel  of  tin  or  copper,  as 
A BCD,  (PL  X.  Fig.  n.)  or  of 
what  other  form  you  pleafe.  Let  there 
be  an  eolipile  E,  of  the  fame  metal,  and 
of  the  fize  and  figure  of  a pear,  and  let  its 
neck  pafs  through  the  top  of  the  veffel 
where  it  fhould  not  be  of  more  than  one 
quarter  of  an  inch  diameter ; to  this  neck 
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join  the  pipe  F,  whofe  bore  at  the  extre- 
mity fhould  be  extremely  fmall,  and  there 
muftbe  a fmall  cock  at  G,  that  goes  acrofs 
it.  Pour  fome  fpirit  of  wine  into  the  eo- 
lipile,  and  having  filled  the  veffel  with 
boiling  water,  cover  it  over. 

Thedieatof  the  boiling  water  rarifying 
the  air  contained  in  the  eolipile,  it  will 
prefs  on  the  furface  of  the  fpirit  of  wine, 
and  force  it  through  the  fmall  hole  at  the 
end  of  the  pipe.  Therefore  if  the  flame 
of  a candle  be  placed  clofe  to  the  orifice 
of  the  pipe,  the  fpirit  will  take  fire,  and 
it  will  form  a flaming  fountain,  that  will 
have  a pleafing  effed  ; and  if  the  orifice 
of  the  pipe  be  quite  fmall  will  continue 
for  fome  time. 

This  piece  may  be  executed  on  a larger 
plan,  and  many  ofthejetsdefcribed  under 
the  article  of  Hydraulics,  may  be  annexed 
to  the  eolipile ; taking  care  always  that 
the  orifice  by  which  the  fpirit  is  to  pafs 
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be  extremely  fmall.  If  filings  of  iron  be 
lifted  over  thefejets,  through  a very  fine 
lieve,  they  will  take  fire,  and  imitate  ex- 
actly the  appearance  of  fireworks. 

RECREATION  XLI. 

Prince  Rupert's  drop. 

*T"?AKE  up  a fmall  quantity  of  the  melt- 
ed  matter  of  glafs,  with  a tube,  and 
let  a drop  fall  into  a pail  of  water,  by 
which  it  will  retain  its  form,  and  appear 
folid  throughout:  except  that  it  contain 
a few  air  bubbles.  This  drop  will  have  a 
fmall  tail,  which  being  broke  the  whole 
fubftance  of  the  drop  will  burft,  with 
great  violence,  into  a fine  powder  ; and 
give  a little  pain,  but  do  no  hurt  to  the 
hand  that  breaks  it. 

It  is  remarkable,  that  the  bulb  or  bo- 
dy will  bear  the  fxroke  of  a hammer 
without  breaking,  but  if  the  tail  be 
broke,  the  abovementiohed  effed  is  pro- 
duced. 
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duced.  If  the  drop  be  cooled  in  the 
air,  it  will  not  produce  the  effed  ; and  if 
it  be  ground  away  on  a Rone,  nothing  ex- 
traordinary appears.  But  if  it  be  put  in- 
to the  receiver  of  an  air  pump,  and  there 
broke,  the  erfed  will  be  fo  violent  as  to 
produce  light. 

This  phenomenon  is  fuppofed  to  pro- 
ceed from  the  particles  of  the  glafs  being 
in  a Rate  of  repulfion,  while  melted,  but 
by  being  dropped  into  cold  water,  the  ex- 
ternal particles  are  condenfed,  and  hold 
the  internal,  which  are  ftill  in  a Rate  of 
repulfion,  as  in  a cafe  ; Tut  when  an' 
opening  is  made  in  that  cafe,  by  breaking 
off  the  tail,  the  confined  particles  rufh 
forth,  and  bur R the  drop  with  the  greatefi 
violence. 
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RECREATION  XLIL 

' The  revivified  rofe. 

AKE  a rofe  that  is  quite  faded,  and 


throwing  fome  common  fulphur  on 
a chafingdifh  of  hot  coals,  hold  the  rofe 
over  the  fumes,  and  it  will  become  quite 
white.  Then  dip  it  in  abafon  of  water, 
and  giving  it  to  any  one,  tell  him  to  put 
it  in  his  box  or  drawer,  and  after  locking 
it,  to  give  you  the  key.  When  you  return 
him  the  key  five  or  fix  hours  after,  and 
he  unlocks  his  drawer,  inftead  of  the 
white  rofe  he  puts  in  it,  he  will  find  one 
that  is  perfectly  red. 
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RECREATION  XLIIL 

Writing  on  glafs  by  the  rays  of  the  fun. 

DISSOLVE  chalk  ill.  aqua  fortis,  to  the 
confidence  of  milk,  and  add  to  that 
a ftrong  diffolution  of  filver.  Keep  this 
liquor  in  a glafs  decanter  well  flopped. 
Then  cut  out  from  a paper  the  letters 
you  would  have  appear,  and  pafte  the 
paper  on  the  decanter,  which  you  are  to 
place  in  the  fun,  in  fuch  a manner  that 
its  rays  may  pafs  through  the  fpaces  cut 
out  of  the  paper,  and  fall  on  the  furface 
of  the  liquor.  The  part  of  the  glafs  thro’ 
which  the  rays  pafs  will  turn  black,  and 
that  under  the  paper  will  remain  white. 
You  mu  ft  obferve  not  to  move  the  bottle 
during  the  time  of  the  operation. 


RECRE- 
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RECREATION  XLIV. 

The  magic  picture, 

HjPAKE  two  pieces  of  glafs  about  three 
inches  long  and  four  wide  : they 
muft  be  quite  level,  and  exadly  of  the 
fame  fize.  Place  them  one  over  the  other, 
and  let  there  be  about  one-twentieth  part 
of  an  inch  between  them,  which  you  may 
effed  by  patting  papers  on  their  four  cor- 
ners. Join  thefe  two  glaffes  together  by 
a luting  compofed  of  lime  flacked  by  ly- 
ing in  the  air  and  reduced  to  very  fine 
powder,  mixed  with  the  white  of  an  egg. 
Cover  all  the  borders  of  thefe  glaffes  with 
parchment  or  bladder,  except  a fmall 
opening  left  on  one  fide,  in  order  to  in- 
troduce the  following  compofition. 

Diffolve  by  a flow  fire  fix  ounces  of 
fine  hogs -lard,  and  put  to  it  half  an  ounce 
of  white  wax,  and  if  you  find  it  neceffary 

to  render  it  more  fenfible  to  the  heat,  add 

an 
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an  ounce,  or  more  of  the  cleareft  linfeed 
oil.  This,  when  liquid,  is  to  be  poured 
between  the  glaffes  by  the  fpace  left  in 
their  fides,  and  which  you  are  then  to  flop 
clofe  up.  Wipe  the  glaffes  clean  and 
hold  them  before  the  fire,  to  fee  that  the 
coinpofition  will  not  run  out  at  any  part. 
Then  pafte  a pidure,  painted  on  any 
thin  fubftance,  or  a coloured  print,  with 
its  face  to  one  of  the  glaffes,  and  fix  the 
whole  in  a frame. 

The  mixture  between  the  glaffes,  while 
it  is  cold,  will  quite  conceal  the  picture, 
but  becoming  perfedly  tranfparent  by 
heat,  the  painting  will  appear  as  if  there 
was  only  a fingie  glafs  before  it.  As  the 
compofition  cools,  the  pidure  will  gradu- 
ally difappear,  and  at  laft  be  quite  in- 
vifible. 


L 
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RECREATION  XLV. 

The  luminous  oracle. 

...  \ • 

PROCURE  a tin  box  ABCD,  (PL  XII. 

Fig.  1.)  about  eight  inches  high,  four 
wide,  and  two  deep,  and  let  it  be  fixed 
on  the  wooden  ftand  E.  On  two  of  the 
infides  let  there  be  a groove  F G,  and  in 
the  front  an  opening  I,  three  inches  wide 
and  one  high. 

At  the  back  of  the  box  let  there  be  a. 
little  tin  door,  that  opens  outward,  by 
which  two  wax  candles  M,  may  be  put  in. 
Let  the  top  of  the  box  have  a cover  N, 
of  the  fame  metal,  in  which  there  are 
feveral  holes,  and  which  may  be  taken 
off  at  pleafure. 

Provide  a double  glafs  O P,  Fig.  2.  con- 
ftruded  in  the  fame  manner  as  that  in  the 
laft  Recreation.  On  one  of  its  fides  you 
are  to  pafte  a black  paper,  the  length  of 

which 
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Which  is  to  be  divided  into  three  parts, 
and  the  breadth  into  fifteen  : in  every 
two  of  thefe  fifteen  divifions  you  cut  out 
letters,  which  will  make  in  the  whole 
three  anfwers,  to  three  queftions  that 
may  be  propofed.  On  the  other  fide  of 
the  glafs  pafte  a very  thin  paper,  and  to 
the  top  faften  a fmall  cord,  by  which  they 
may  be  made  to  rife  or  defcend  in  the 
groove  F G. 

Then  take  a flip  of  pafteboard  R S, 
Fig.  3.  one  inch  and  a half  wide  and  three 
inches  loiig,  which  is  to  be  divided  into 
fifteen  equal  parts,  fimilar  to  thofe  of  the 
paper  O P,  and  cut  outfpaces,  as  in  the 
figure,  fo  that  this  paper,  Aiding  horizon- 
tally before  O P,  will  either  cover  or 
conceal  the  letters  cut  in  that. 

This  pafteboard  is  to  Aide  between  two 
brafs  wires,  and  is  to  be  fattened  to  one 
fide  of  the  box,  by  a firing  that  commu- 
nicates with  a fmall  brafs  fpring,  and  to 
L 2 the 
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the  other  fide*  by  a firing  fattened  to 
the  box  by  a fmall  piece  of  wax,  fo  fituate 
that  the  firing  may  be  ealily  f$t  at  liber- 
ty by  the  heat  of  the  candles  placed  in 
the  box. 

Take  a parcel  of  cards,  and  write  on 
them  different  queftions,  three  of  which 
are  to  correfpond  with  the  anfwers  on  the 
glafs.  Shuffle  thefe  cards,  and  let  a per- 
fon  draw  any  one  of  the  three  queftions. 
Then  by  railing  the  glafs  you  bring  the 
anfwer  againft  the  hole  in  the  front  of 
the  box.  You  next  place  the  candles  in 
the  box,  the  heat  of  which  will  melt  the 
wax  that  holds  the  paper  R S,  which  be- 
ing then  drawn  by  the  fpring  the  anfwer 
will  be  vifible,  and  in  proportion  as  the 
composition  between  the  glaffes  be- 
comes diluted,  by  the  increafe  of  the 
heat,  the  letters  will  become  more  Wrong- 
ly illuminated. 

The- 
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The  letters  cut  in  the  paper  may  be 
made  to  anfwer  feveral  different  quef- 
tions,  as  has  been  explained  in  other  Re- 
creations : and  the  whole  parcel  of  cards 
may  confift  of  queftions  that  may  be  an- 
fwered  by  one  or  other  of  the  three 
divifions  in  the  paper. 

RECREATION  XLVI. 

To  produce  the  appearance  of  a flower  from 
its  afhes . 

II /TAKE  a tin  box  ABCD,  Plate  XII. 
X 4JL  pig  4.)  with  a cover  M,  that  takes 
off.  Let  this  box  be  fupported  by  the 
pedeftal  FGHI,  of  the  fame  metal,  and 
on  which  there  is  a little  door  L.  In  the 
front  of  this  box  is  to  be  a glafs,  O. 

In  a groove,  at  a fmall  diftance  from  O, 
place  a double  glafs  of  the  fame  fort  with 
that  in  the  laft  Recreation.  Between  the 
front  and  back  glaffes  place  a fmall  upright 
L 3 tin 
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tin  tube,  fupported  by  the  crofs-piece  R, 
let  there  be  alfo  a fmall  chafing-difh 
placed  in  the  pedeftal  FGHI.  The  box 
is  to  be  open  behind.  You  privately 
place  a flower  in  the  tin  tube  R*,  and  pre- 
fenting  one  that  refembles  it  to  any  per- 
fon  f,  deiire  him  to  burn  it  on  the  coals 
in  thechafingdifh. 

You  then  ftrew  fome  powder  over  the 
coals,  which  may  be  fuppofed  to  aid  the 
afhes  in  producing  the  flower  ; and  then 
put  the  chafingdifh  in  the  pedeftal,  under 
the  box.  As  the  heat  by  degrees  melts 
the  compofition  between  the  glaffes,  the 

* This  flower  mud  not  be  placed  To  near  the 
front  glafs,  as  to  make  it  in  the  leaf!  degree  vir 
fible.  . 

f You  may  prefent  feveral  flowers,  and  let  the  per- 
fon  choofe  any  one  of  them.  In  this  cafe  while  he 
is  burning  the  flower,  you  fetch  the  box  from  another 
apartment,  and  at  the  fame  time  put  in  a correfpond- 

ing  flower,  which  will  make  the  experiment  flill  more 
furpriflng. 


flower 
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flower  will  gradually  appear,  but  when 
the  chafingdifh  is  taken  away,  and  the 
power  of  the  afhes  is  fuppofed  to  be  re- 
moved, the  flower  foon  difappears. 

RECREATION  XLVIL 
To  produce  fire  by  the  mixture  of  two  cold 


liquors . 


AKE  half  a pound  of  pure  dry  nitre. 


,JL  reduced  to  powder,  put  it  in  a retort 
that  is  quite  dry,  add  to  it  an  equal  quan- 
tity of  oil  of  vitriol  highly  redified,  and 
diftilling  the  mixture  in  a moderate  fand 
heat,  it  will  yield  a liquor  in  form  of  a 
yellowifh  fume,  which  being  caught  in  a 
clean  dry  receiver,  is  the  Spiritus  nitri 
Glauberianus.  Now  if  to  a dram  of  dif- 
tilled  oil  of  cloves,  faffafras,  turpentine, 
or  caraways,  contained  in  a glafs  veffel, 
there  be  added  an  equal  quantity  or  half 
as  much  more,  of  the  above  fpirit,  though 
both  the  bodies  are  perfetflly  cold  before 
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the  mixture,  a violent  flame  will  inftantly 
arife,  and  deftroy  them,  leaving  only  a* 
little  relinous  mater  at  the  bottom. 

RECREATION  XL  VIII. 

Artificial  lightning. 

PROVIDE  a tin  tube  that  is  much 
larger  on  one  fide  than  the  other,  and 
in  which  there  are  feveral  holes.  Fill 
this  tube  with  rofin  in  powder,  and  when 
it  is  fhook  over  the  flame  of  a torch,  it 
will  produce  a hidden  corufcation,  that 
ftrongly  reprefents  a flafh  of  lightning. 
You  are  to  obferve  that  it  is  not  the  flame 
itfelf  that  is  to  be  feen,  but  its  refiedion, 
as  is  pradifed  at  the  theatres,  and  as  hap- 
pens, for  the  moil  part,  in  nature*. 

* It  is  after  this  manner  that  the  flambeaux  of" 
the  furies  on  the  fta|e  are  conflru&ed,  except  that 
at  the  end  of  each  of  them  there  is  a match,  dipped 
in  fpirit  of  wine,  by  means  of  which  it  is  only  ne~ 
ceifary  to  (hake  them,  and  they  will  produce  a fud? 
den  and  very  confiderable  flame. 
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RECREATION  XLIX. 

Artificial  thunder. 

| '^AKE  a ftrong  bottle  that  holds  about 

A a quarter  of  a pint,  in  which  put 
oneounceof  concentred  fpirit  of  vitriol, 
and  adding  to  that  two  drachms  of  the 
filings  of  iron,  flop  the  bottle  clofe.  After 
a fhort  time  fhake  the  bottle,  and  taking 
out  the  cork,  put  a lighted  candle  near 
the  mouth  of  it,  which  fhould  be  a little 
inclined,  and  there  will  prefently  arifean 
inflammation,  attended  with  a loud  noife* 

If  you  are  apprehenfive  of  any  mif- 
chievous  effeds  from  the  hurfting  of  the 
bottle,  you  may  furround  it  with  a ftrong 
cloth:  or  you  may  put  it  on  the  ground 
and  light  the  vapour  by  a bougie  fixed  to 
the  end  of  a long  flick. 

Another  way  of  imitating  thunder  is 
by  mixing  three  parts  of  faltpetre,  two 

parts 
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parts  of  fait  of  tartar,  .and  two  parts  of 
fulphur,  and  putting  the  quantity  of  a 
frriall  nut  in  an  iron  ladle  or  {hovel, 
place  it  over  a coal  fire.  The  explofion 
of  this  mixture  will  much  refemble  a mo- 
derate clap  of  thunder. 

If  you  would  produce  a more  violent 
explofion,  put  an  ounce  or  two  of  this 
mixture  in  the  fhovel,  but  then  you  mu  ft 
have  a chafingdifh  of  hot  coals,  and  plac- 
ing it  out  of  the  houfe,  ftand  at  a confi- 
derable  diftance  from  it,  and  not  go  near 
it,  till  the  matter  be  completely  ex- 
ploded, or  what  is  better,  till  the  fire  be 
out.  Experiments  of  this  nature  fhould, 
in  general  be  conduded  with  great  cau- 
tion, for  an  amufement  of  this  kind 
would  be  dearly  bought  with  a wound  in 
the  face*  or  the  lofs  of  fight. 
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RECREATION  L. 

The  predicted  earthquake  andvolcano. 

RIND  frefh  iron  filings,  free  from 


ruft,  with  an  equal  quantity  of  pure 
fulphur,  for  a long  time,  till  the  whole 
be  formed  into  a fine  powder.  This  mix- 
ture kept  in  a dry  air  will  continue  cold 
for  any  time,  but  if  it  be  wrought  up  with 
only  as  much  fair  water  as  will  form  it  into 
a ftiff  pafte,  the  mafs  willfoon  grow  warm, 
fwell,  heave,  emit  a thick  fmoke,  and 
at  lafl  a fulphureous  fire  and  flame. 
Therefore  take  about  fifty  pounds  of  the 
above  powder,  and,  burying  it  privately 
about  a foot  deep  under  the  earth,  you  may 
fafely  predid  that  in  about  eight  hours 
time  the  ground  will  begin  to  heave  and 
fwell,  that  it  will  fend  forth  hot  fulphu- 
reous fleams,  and  at  lafl,  burfting  into  live 
flames,  will  form  a true  volcano. 
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The  pretended  miracles  of  Mahomet 
and  Haly,  were,  as  Boerhaave  obferveson 
a fimilar  inftance,  mere  trifles  to  this.  If 
any  leader  of  a fed,  a very  few  centuries 
paft,  had  been  in  poffeffion  of  this  fecret, 
and  had  performed  this  miracle  in  con- 
firmation of  his  docirine,  the  man  who 
had  dared  to  difbelieve  it  would  have 
been  regarded  as  a very  hardened  infidel 
indeed  ! 

We  fhall  here  add  the  defcription  of  a 
new  method  of  imitating  artificial  fire- 
works, which  appears  to  be  the  invention 
of  the  ingenious  M.  Guiot. 

To  perform  thefe  recreations  to  the 
greateft  advantage,  there  are  three  clrcum- 
fiances  to  be  carefully  obferved  : the  firft 
is,  the  different  colours  of  the  fire  : the 
fecond,  is  the  manner  of  cutting  out  the 
feverai  figures,  and  the  third,  the  direc- 
tion of  the  motion  of  each  piece,  whether 
it  be  fwift  or  flow,  ftrait  or  circular. 

Arti- 
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Artificial  fireworks  may  be  reduced  to 
four  principal  colours.  The  firft  is  that 
of  jets  of  fire,  which  is  of  a clear  white  : 
the  fecond  is  that  of  fuch  jets  as  are  of  a 
yellow  or  gold  colour  : the  third  is  that 
of  ferpents  or  rockets,  which  is  very 
bright,  and  of  a light  blue  calf*:  and  the 
fourth  is  that  of  a colour  inclining  to  red, 
and  is  commonly  ufed  incafcades  of  fire. 

The  vivacity  of  fire  being  imitated,  by 
the  rays  of  light  that  fall  upon  tranfpa- 
rent  paper  f,  as  we  fhall  fhow  hereafter, 
the  paper  is  to  be  ftained  with  different 
colours.  For  the  firft  fort  of  fire  it  is  left 

* V 

of  its  natural  colour  : for  the  fecond  an 
infufion  of  faffron  may  be  ufed,  made 
more  or  lefs  ftrong  : for  the  third  a light 
tincture  of  Pruffian  blue  : and  for  the 

* There  is  another  fort  of  fire  of  a flronger  blue,  of 

O 7 

which  cyphers  and  emblems  are  formed,  and  which  is 
placed  on  the  centers  of  funs. 

f The  paper  fhould  be  quite  thin,  and  after  it  is 
Coloured,  may  be  made  more  tranfparent  by  being 
dipped  in,  or  rubbed  over  with  clear  oil. 
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fourth,  a fmall  quantity  of  carmine  may 
be  put  in  the  faffron  water  juft  mentioned. 

If  among  thefe  fireworks  you  would 
have  fome  parts  that  are  tranfparent,  and 
thro’  which  other  parts  are  to  be  feen* 
you  muft  ufe  for  the  tranfparent  parts  a 
paper  that  is  thicker  than  the  other,  that 
the  latter  may  appear  with  a due  degree 
of  fuperior  luftre  : for  in  thefe  exhibi- 
tions it  is  from  a juft  mixture  of  light 
and  ftiade  that  the  moft  pleafing  effecfts 
are  produced. 

RECREATION  LI. 

To  imitate  a jet  de  feu , column , globe , or 
pyramid  of  fire . 

r“Jpl AKE  a paper  that  is  blacked  on  both 
ii  fides*,  and  of  a proper  fize  for  the 
figure  you  intend  to  exhibit,  for  example, 

* Inftead  of  black,  the  paper  may- be  coloured  oil' 
each  fide  with  a deep  blue,  which  will  be  ftill  better 
for  filch  as  are  to  be  feen  through  tranfparent  pa- 
pers. 


that 
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that  of  Fig.  i,  or  2.  Plate  X.  In  this  pa- 
per cut  out  with  a penknife  feveral  fpaces 
B,  beginning  from  the  point  A ; and  with 
a piercer  make  a great  number  of  holes, 
rather  long  than  round,  and  at  no  regular 
diftance  from  each  other : obferving,  how- 
ever, that  they  mud  form  right  lines  from 
the  point  A,  as  is  clearly  expreffed  in  the 
figures,  the  parts  engraved  being  thofe 
that  are  to  be  cut  out. 

To  reprefent  revolving  pyramids  and 
globes,  fuch  as  Fig.  3,  and  4.  the  paper 
muft  be  cut  through  with  a penknife,  and 
the  fpace  cut  out  between  each  fpirai 
fhould  be  three  or  four  times  as  wide  as 
the  fpirals  themfelves.  You  muft  obferve 
to  cut  them  in  the  fame  form  reprefented 
in  the  figures,  that  the  pyramid  or  globe 
may  appear  to  turri  on  its  axis.  The  co- 
lumns that  are  reprefented  in  piec.es  of 
architedure,  or  in  jets  of  fire,  muft  be 
cut  in  the  fame  manner,  if  they  are  to  be 
reprefented  as  turning  on  their  axes. 
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In  like  manner  may  be  exhibited  a 
great  variety  of  ornaments,  cyphers,  and 
medallions,  which,  when  properly  co- 
loured, cannot  fail  of  producing  a moil 

pleaiing  effed  *. 

% 

When  thefh  pieces  are  drawn  on  a 
large  fcale,  the  architedure  or  ornaments 
may  be  fhaded ; and  to  reprefent  diffe- 
rent fhades,  pieces  of  coloured  paper  muft 
be  palled  over  each  other,  which  will  pro- 
duce an  effed  that  would  not  be  expeded 
from  tranfparent  paintings.  Five  or  fix 
pieces  of  paper  pailed  over  each  other 
will  be  fufficient  to  reprefent  the  ftrongeft 
fhades. 

To  give  thefe  pieces  the  different  mo- 
tions they  require,  you  muft  firft  confider 
the  nature  of  each  piece  : if,  for  example 
you  have  cut  out  the  figure  of  the  fun, 
as  plate  X.  Fig.  5.  or  of  a ftar  as  Fig.  6. 

* There  fhould  not  be  a very  great  diverfity  of  co- 
lours, as  that  would  not  produce  the  moil  agreeable 
appearance. 

you 
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you  muft  conftrud  a wire  wheel  of  the 
fame  diameter  with  thofe  pieces,  in  the 
manner  reprefented  in  Fig.  7.*  over  this 
wheel  you  pafte  a very  thin  paper,  on 
which  is  drawn,  with  thick  black  ink,  the 
fpiral  figure  reprefented  by  Fig.  8.  The 
wheel  thus  prepared,  is  to  be  placed  be- 
hind the  fun  or  flar,  in  fuch  manner  that 
its  axis  may  be  exadly  oppofite  the  cen- 
ter of  either  of  thofe  figures.  This  wheel 
may  be  turned  by  any  method  you  think 
proper. 

Now,  the  wheel  being  placed  diredly 
behind  the  fun,  for  example,  and  very 
near  to  it,  is  to  be  turned  regularly  round, 
and  ftrongly  illuminated  by  candles  placed 
behind  it.  The  lines  that  form  the  fpi- 
ral will  then  appear,  through  the  fpaces 
cut  out  from  the  fun,  to  proceed  from  its 
center  to  its  circumference,  and  will  re- 

* This  wheel  is  made  of  wire,  that  its  radii,  by 
being  fmall,  may  not  intercept  the  light  that  is  to  be  f 
placed  behind  it. 
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femble  fparks  of  fire  that  incefTantly 
fucceed  each  other.  The  fame  effed  will 
be  produced  by  the  flar,  or  by  any  other 
figure  where  the  fire  is  not  to  appear  as 
proceeding  from  the  circumference  of 
the  center, 

Thefe  two  pieces,  as  well  as  thofe  that 
follow,  may  be  of  any  fize,  provided  you 
obferve  the  proportion  between  the  parts 
of  the  figure  and  the  fpiral,  which  muft 
be  wider  in  larger  figures  than  in  fmall. 
If  the  fun,  for  example,  have  from  fix  to 
twelve  inches  diameter,  the  width  of  the 
flrokes  that  form  the  fpiral  need  not  be 
more  than  one-twentieth  part  of  an  inch, 
and  the  fpaces  between  them,  that  form 
the  tranfparent  parts,  about  two-tenths  of 
an  inch.  If  the  fun  be  two  feet  diameter, 
the  flrokes  fhould  be  one-eighth  of  an 
inch,  and  the  fpace  between  one  quarter 
of  an  inch  ; and  if  the  figure  be  fix  feet 
diameter,  the  flrokes  fhould  be  one  quarter 
of  an  inch,  and  the  fpaces  five-twelfths  of 


an 
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an  inch.  Thefe  pieces  have  a pleafing 
effed  when  reprefented  of  a fmall  fize, 
but  the  deception  is  more  ftriking  when 
they  are  of  large  dimenfions. 

It  will  be  proper  to  place  thefe  pieces* 
when  of  a fmall  fize,  in  a box  quite  clofe 
on  every  fide,  that  none  of  the  light  may 
be'  diffufed  in  the  chamber  : for  which 
purpofe  it  will  be  convenient  to  have  a 
tin  door  behind  the  box,  to  which  the 
candlefticks  may  be  foldered,  and  the 
candles  more  eafily  lighted. 

The  feveral  figures  cut  out  fhould  be 
placed  in  frames,  that  they  may  be  put, 
alternately,  in  a groove  in  the  fore  part 
of  the  box  : or  there  may  be  two  grooves, 
that  the  fecond  piece  may  be  put  in  be- 
fore the  firft  is  taken  out.  The  wheel 
mu  ft  be  carefully  concealed  from  the  eye 
of  the  fpedator. 
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Where  there  is  an  opportunity  of  re- 
prefenting  thefe  artificial  fires  by  a hole 
made  in  a partition,  they  will  doubtlefs 
have  a much  more  ftriking  effed,  as  the 
fpedator  cannot  then  conjedureby  what 
means  they  are  produced. 


To  reprefent  fir^s  that  flow  from  the 
circumference  to  the  center,  as  B B,  fee. 
(PL  X.  Fig.  9.)  and  at  the  fame  time 
others  that  flow  from  the  center  to  the 
circumference,  as  A,  A,  kc.  you  muft 
conftrud  the  double  fpiral  reprefented 
by  the  10th  figure  of  the  fame  plate. 


When  this  wheel  is  placed  behind 
Fig.  9,  the  concentric  fpiral  A,  Fig.  10. 
being  oppofite  the  parts  A,  Fig.  9.  the 
fire  will  appear  to  iffue  from  the  center, 
as  before  : but  the  parts  againft  the  ex- 
centric  fpiral  of  the  wheel  B,  Fig.  10. 
which  are  thofe  marked  B,  in  Fig.  9.  will 

appear 
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appear  to  move  from  the  circumference 
to  the  center. 

It  is  eafy  to  conceive  that  by  extending 
this  method,  wheels  may  be  confiruCted 
with  three  or  four  fpirals,  to  which  may 
be  given  different  directions,  as  in  Plate 
XI.  Fig.  1.  where  is  drawn,  on  the  tranf- 
parent  piece,  the  fpirals  that  are  pro- 
per to  produce,  not  only  jets  de  feu,  but 
alfo  fmall  pyramids,  as  A,  A,  fee.  which 
will  appear  to  turn  on  their  centers.  It 
is  manifeft  alfo,  that  on  the  fame  princi- 
ple, a great  variety  of  tranfparent  figures 
may  be  contrived,  and  which  may  be  all 
placed  before  the  fame  fpiral  lines. 
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To  reprefent  cafcades  of  fire. 


IN  cutting  out  cafcades  you  muft  take 
care  to  preferve  a natural  inequality 
in  the  parts  cut  out,  as  is  expreffed  in 
Plate  XI.  Fig  3.  for  if  to  fave  time,  you 
fhould  make  all  the  holes  with  the  fame 
pointed  tool,  the  uniformity  of  the  parts 
will  not  fail  to  produce  a difagreeable 
effed.  As  thefe  cafcades  are  very  pleafing 
when  well  executed,  fo  they  are  highly 
difguftful  when  impeded.  Thefe  are 
the  moft  difficult  pieces  to  cut  out. 


To  produce  the  apparent  motion  of 
thefe  cafcades,  inftead  of  drawing  a fpi- 
ral,  you  muft  have  a flip  of  ftrong  paper 
as  ABCD,  (PI.  XI.  Fig.  2.)  of  fuch  length 
as  you  judge  convenient.  In  this  paper 
there  muft  be  a great  number  of  holes 
near  each  other,  and  made  with  pointed 
tools  of  different  dimenfions. 


At 
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At  each  end  of  the  paper  a part,  of 
the  fame  fize  with  the  cafcade,  muft  be 
left  uncut  : and  towards  thofe  parts  the 
holes  muft  be  made  at  a greater  diftance 
from  each  other,  as  is  expreffed  in  the 
figure.  This  paper  is  to  be  fixed  by  its 
two  extremities,  to  the  two  rollers  A and 
B,  Fig.  3. 

When  the  cafcade  that  is  cut  out  is 
placed  before  the  fcroll  of  paper  juft 
mentioned,  and  it  is  entirely  wound  up- 
on the  roller  A,  the  part  of  the  paper 
that  is  then  between  Eand  B,  being  quite 
opaque,  no  part  of  the  cafcade  will  be 
vifible.  But  as  the  winch  D is  turned 
gently  and  regularly  round,  the  tranfpa- 
rent  part  of  the  paper  proceeding  from  A 
to  B,  will  give  to  the  cafcade  the  ap- 
pearance of  fire  that  defcends  in  the 
fame  diredion  ; and  the  illufion  will  be 
fo  ftrong  that  the  fpedators  will  think 
they  fee  a cafcade  of  fire  : efpecially  if 
the  figure  be  judicioufly  cut  out. 

M 4 
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A cafcade  may  be  alfo  tolerably  well 
executed  by  a fpiral,  in  the  manner  ex- 
prefled  in  Fig.  4 : but  the  roller  is  more 
eligible.  The  paper  being  totally  rolled 
on  B,  the  part  between  A and  B will  be 
quite  opaque  : therefore  the  cafcade  may 
be  then  taken  away,  and  another  piece, 
which  reprefents  fire  that  afcends,  as  a 
jet,  may  be  placed  in  its  room  : and  thus 
the  pieces  may  be  alternately,  and  conti- 
nually changed. 

RECREATION  LIIL 

Imitative  illuminations . 

ON  a very  ftrong,  double  paper,  whofe 
backfide  is  blacked  with  foot,  dif- 
folved  in  brandy,  and  to  which  a little 
gum  arabic  is  added,  you  mu  ft  firft  paint 
the  draught  of  the  illumination  you  intend 
to  reprefent  in  miniature,  and  mark  the 
exacft  place  of  the  feveral  lamps  and  other 
parts  that  compofe  it.  Then  take  piercers 
of  different  fizes,  with  which  make  holes 

in 
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in  the  papers,  in  fuch  form  as  fhall  re- 
prefent  the  flame  of  a lamp  or  other 
body.  If  the  lamps  are  fuppofed  to  be 
all  in  a line,  you  muft  ufe  the  fineft 
piercers  for  the  fmalleft  lamps,  and  the 
larger  for  the  greateft  : but  if  the  parts 
of  the  illumination  be  fuppofed  at  diffe- 
rent diflances,  then  the  fine  piercers  are 
to  be  ufed  for  thofe  parts  that  are  moft 
diftant,  and  the  holes  muft  be  nearer 
together,  in  proportion  to  the  diftance.  If 
there  be  objeds  in  front  perpendicular  to 
the  point  of  view,  you  muft  ufe  piercers 
whofe  diameters  decrerfe  infenfibly,  and 
make  the  holes  continually  clofer,  in  pro- 
portion as  the  extremities  of  the  front  are 
more  diftant.  It  is  not  material,  in  this 
cafe,  whether  the  points  be  clofe  together, 
provided  the  perfpedive  be  obferved. 

When  the  piece  is  completely  cut  out, 
you  place  behind  this  double  paper  one 
that  is  very  thin  ; obferving  to  colour  the 
parts  that  are  to  appear  the  moft  diftant 

with 


with  a little  carmine  diluted  in  water  *. 
It  is  then  to  be  placed  in  a box,  and 
ftrongly  illuminated  behind  by  feveral 
candles  or  lamps  placed  at  equal  diftanc- 
es  from  each  other,  that  all  the  parts  may 
be  equally  illuminated  t : for  otherwife 
the  illufion  will  not  be  complete.  The 
front  of  the  paper  fhould  be  alfo  illumi- 
nated with  a faint  light,  fuch  as  is  juft 
fufficient  to  fhow  the  pieces  of  architec- 
ture that  may  be  painted  on  it. 

After  the  manner  above  defcribed, 
prints  alfo  of  every  kind,  may  be  cut  out, 
and  placed  in  any  optical  machine,  ex- 
cept fuch  as  have  an  inclined  mirror,  for 
there  the  print  being  naturally  placed 

* This  circumftance  is  neceffary,  for  the  more 
diflant  natural  illuminations  are,  the  more  red  they 
appear. 

t The  candles  fhould  be  placed  not  clofe  to  the 
paper,  but  at  five  or  fix  inches  diftance,  and  if  they  do 
not  produce  a light  fufficiently  ftrong,  you  may 
place  more.  It  will  be  proper  to  line  the  box  with 
tin,  as  that  will  refle6t  the  light  on  the  piece. 


RECREATIONS.  171 

in  a horizontal  diredion,  it  will  be  diffi- 
cult to  illuminate  it  fufficiently  to  pro- 
duce any  remarkable  effed.  If  you  are 
defirous,  however,  of  making  an  experi- 
ment with  a print  in  a horizontal  pofition, 
inftead  of  placing  a tranfparent  paper 
behind  it,  you  muft  put  one  that  is  gilt, 
which  is  to  appear  through  the  parts  cut 
out.  A print  thus  prepared, when  aftrong 
light  is  thrown  upon  it,  will  reprefent  an 
illumination  tolerably  well. 


APPEN- 
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APPENDIX. 

Several  of  the  Recreations  in  this  Appen- 
dix have,  in  fad,  but  little  relation  to 
experimental  philofophy,  efpecially 
thofe  that  depend  on  a dexterous  man- 
oeuvre ; but  as  experiments  of  this  kind 
are  commonly  found  in  books  of  ma- 
thematical recreations,  it  feemed  requi- 
flte  to  infert  fome  of  the  mofi  enter- 
taining among  them  at  the  end  of  this 
treatife. 
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CHYMICAL  TRANSMUTATIONS. 

A MONO  the  mo  ft  pleafing  as  well  as 
furprifing  phenomena  of  nature, 
may  be  juftly  ranked  the  tranfmutations 
produced  by  chymiftry,  efpecially  thofe 
of  colours  ; and  recreations  of  this  kind 
are  the  more  pleafing,  as  they  are,  for 
the  moft  part,  eafily  executed. 

RECREATION  LIV. 

Tranf colourations. 

'TPAKE  antimony  and  grind  it  toapow- 
^ der,  and  it  will  become  black.  Let 
it  be  calcined  with  aqua  regia,  and  it  will 
be  of  a greenifh  yellow  ; white,  red,  yel- 
low, greenifh,  and  black,  when  fublimed 
with  fal  ammoniac  ; of  an  uniform  red, 
when  freed  from  its  fait  by  water  ; but 
white  when  fixed  with  thrice  its  weight 
of  nitre.  Thus  you  have  almoft  all  the 
colours  in  one  folid  body.  Mercury  dif- 

folved 
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folved  by  aqua  fortis,  and  diftilled  in  a 
glafs  retort,  affords  likewife,  in  different 
parts  of  the  glafs,  a variety  of  colours. 

To  make  a gold  colour  by  mixing  a 
limpid  liquor  with  a grey  powder  : pour 
hot  alcohol  on  fulphur,  melted  with  fixed 
alkali,  then  ground  and  heated.  To 
change  this  gold  coloured  liquor  into  one 
of  the  colour  of  milk,  by  pouring  it  into 
a clean  glafs : let  the  glafs  be  previoufly 
nnced  with  oil  of  vitriol. 

To  turn  an  almoft  limpid  liquor  blue: 
pour  fpirit  of  fal  ammoniac  to  a folution 
of  verdigreafe  in  vinegar,  and  dilute  it 
with  water  till  it  be  almoft  limpid.  To 
turn  that  blue  liquor  pellucid,  add  acid 
to  it,  till  the  acid  predominate. 

To  turn  a very  green  liquor  of  a beau- 
tiful violet  colour  : to  a high  green  fo- 
lution of  copper  in  vinegar,  drop  fpirit 

of 
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of  fmall  ammoniac,  till  the  alkali  predo- 
minate. 

To  turn  a blue  into  a beautiful  green. 
To  a rich  folution  of  copper  in  fpirit  of 
fal  ammoniac,  add  vinegar,  or  any  other 
acid,  till  the  acid  preponderate. 

To  produce  numerous  blues  and  greens, 
between  a deep  blue  and  a deep  green : 
put  adlrong  and  hot  folution  of  copper 
in  fal  ammoniac,  into  a clean  cylindrical 
glafs,  and  add  thereto,  flowly,  fpirit  of 
nitre,  drop  by  drop.  A different  colour, 
between  the  two  degrees,  will  appear  upon 
the  addition  of  each  other. 
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RECREATION  LV. 

To  make  a colourlefs  liquor  black , by  pour- 
ing it  into  a clean  glqfs. 

T)  I N S E a clean  hot  glafs  in  a ftrong 
folution  of  the  vitriol,  of  iron  ; then 
pour  out  into  a warm  infufion  of  bruifed 
white  galls  in  fair  water,  made  fo  weak 
as  fcarce  to  afford  any  colour.  This  black 
mixture  is  inftantly  made.  Inftead  of  galls 
you  may  ufe  red  rofes,  pomegranate  bark, 
or  tea,  fage,  or  oak  leaves. 

RECREATION  LVI. 

To  turn  a pellucid  liquor  black , by  adding  t& 
it  a white  powder. 

13  UT  a hot  weak  pellucid  infufion  of 
galls  into  a glafs,  throw  into  it  a grain 
of  the  vitriol  of  iron  calcined  to  white- 
nefs,  and  heated : this,  as  it  falls, 
makes  a black  cloud,  that  diffufes  itfelf 
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through  the  tranfparent  liquor  in  a pleaf- 
ing  manner,  and  gradually  turns  it  black 
all  round. 


The  fame  may  be  done  with  a pellucid 
drop:  by  putting  a Angle  drop  of  the 
aqueous  folution  of  the  vitriol  of  iron  into 
the  hot  folution  of  galls. 


The  fame  effed  may  alfo  be  produced 
by  the  addition  of  a little  yellow  or  red 
powder  ; in  the  firft  infiance  by  ufing  vi- 
triol calcined  to  a yellow  colour;  and  in 
the  other,  by  the  colcothar  of  vitriol  cal- 
cined to  rednefs.  To  produce  the  fame 
effed  by  a drop  of  gold  coloured  liquor, 
ufe  the  golden  tinduremade  with  the  red 
calx  of  the  vitriol  of  iron,  and  the  dulci- 
fied fpirit  of  fait. 

In  all  thefe  experiments,  while  the 
liquor  is  changing  from  limpid  to  deep 
black,  there  arife  almoft  innumerable 
N 2 fhades, 
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fhades,  or  intermediate  degrees  of  dark- 
nefs,  which  at  laft  all  terminate  in  black. 

The  black  liquor  produced  in  all  the 
preceding  cafes,  may  be  rendered  pellu- 
cid again,  by  pouring  the  liquor  hot  into 
a glafs  rinfed  with  the  pure  oil  of  vitriol, 
which  attrads  the  iron.  But  the  black 
liquor  made  with  the  calx  of  iron  remains 
fomewhat  reddifh,  while  it  tends  to  tranf- 
parency. 

To  make  this  tranfparent  liquor  black 
again,  pour  to  it  as  much  hot  oil  of  tar- 
tar per  deliquium,  as  will  faturate  the  acid 
that  has  attraded  the  metallic  matter. 
This  is  attended  with  an  effervefcence, 
which  at  the  fame  time  reduces,  de- 
li roys,  and  regenerates,  viciffitudes  of  co- 
lours, which  is  belt  perceived  by  letting 
the  alkaline  liquor  fall  in  at  feveral  times,., 
but  with,  a quick  motion. 
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Laftly,  if  a fufficient  quantity  of  acid  be 
added  to  the  black  liquor  thus  regenerated, 
fo  as  to  abolifh  the  alkali,  the  whole  will 
become  pellucid  again;  and  this  black- 
nefs  maybe  reciprocally  deftroyed^or  re- 
ftared.  Hence  alfo  appears  the  furprifing 
power  of  a metal  to  produce  blackneis, 
and  how  little  matter  is  required  to  the 
production  of  colours. 


RECREATION  LVII. 


To  produce  different  colours  by  pouring  a 
limpid  liquor  in  a clean  glafs . 

AKE  a ftrong  folution  of  mercury 


A made  with  Ipirit  of  nitre ; dilute  it 
with  water,  and  pour  it  into  a hot  glafs 
rinfed  in  a ftrong  fpirit  of  fea  fait,  and  it 
will  become  coloured.  A very  dilute  fo- 
lution of  filver,  made  in  fpirit  of  nitre 
poured  into  a glafs  prepared  in  the  man- 
ner j uft  mentioned,  or  the  oil  of  antimony 
poured  into  a glafs  rinfed  in  hot  water, 
will  have  the  fame  effecft. 
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To  produce  an  orange  colour,  pour  hoi 
water  upon  new  made  crocusmettallorum, 
and  put  it  into  a clean  glafs  rinfecl  with 
any  acid. 


RECREATION  LVIIL 

The  colour  that  appears  and  difappears  by  the 


i 

influence  of  the  air. 


UT  into  a decanter  volatile  fpirit  in 


JL  which  you  have  diffolved  copper 
filings,  and  you  will  have  a fine  blue 
tindure.  If  the  bottle  be  flopped  the  co- 
lour will  prefently  difappear,  but  when  it 
is  unftopped  the  colour  will  foon  return : 
and  this  experiment  may  be  repeated  a 
greater  number  of  times. 
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SYMPATHETIC  INKS. 

BY  fympathetic  inks  is  meant,  thofe 
forts  of  liquors  with  which  any  cha- 
racters being  wrote  they  remain  invifible, 
till  fome  method  is  ufed  to  give  them  a 
colour.  Thefe  liquors  are  divided  into 
five  claffes,  and  that  with  reipcCt  to  the 
means  ufed  to  make  them  vifible. 

The  firft  clafs  of  thefe  inks  are  fuch  as 
become  vifible  by  palling  another  liquor 
over  them,  or  by  expofing  them  to  the  va- 
pour of  that  liquor. 

The  fecond  are  thofe  that  do  not  ap- 
pear fo  long  as  they  are  kept  clofe,  but 
become  foon  vifible  on  being  expofed  to 
the  air. 

The  third  are  fuch  as  are  made  apparent 
by  fire  wing  or  lifting  fome  very  fine  pow- 
der, of  any  colour,  over  them. 
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The  fourth  are  thofe  that  will  not  be 
vifible  till  they  have  been  expofed  to  the 
fire,  or  heated. 

The  fifth,  like  the  fourth,  appear  by 
heat,  but  difappear  again  when  the  paper 
becomes  cold,  or  has  had  a fufficient  time 
to  imbibe  the  moifture  of  the  air. 

the  compojitions  of  the  firjl  clafs  of  thefe  inks. 

Impregnation  of  Saturn, 

Put  litharge  of  lead  into  ftrong  diflilled 
vinegar,  and  let  it  Hand  for  twenty-four 
hours.  Then  ftrain  it  off,  and  let  it  re- 
main till  quite  fettled.  Preferve  this  li- 
quor in  a bottle. 

Diffolve  orpiment  in  water  of  quick 
lime*,  either  by  a fandheat,  or  by  fetting 

* Put  in  a pint  bottle  two  ounces  of  quick  lime, 
one  ounce  of  orpiment  in  powder,  and  as  much 
water  as  will  rife  two  or  three  fingers  above  them. 
When  the  diffolution  is  made,  pour  the  liquor 
gently  off. 

the 
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the  bottle  in  the  fun  for  two  or  three  days, 
obferving  to  turn  it  five  or  fix  times  each 
day*. 

In  preparing  thefe  liquors  you  muft 
take  care  that  they  have  no  communica- 
tion; for  the  vapour  of  the  latter  is  fuffi- 
cient  to  deftroy  the  limpidity  of  the  other, 
and  thereby  render  it  unfit  for  ufe. 

When  the  letters  wrote  by  the  firft  li- 
quor are  expofed  to  the  vapour  of  the  fe- 
cond,  they  become  prefently  vifible.  If 
you  would  have  them  difappear  again,  you 
muft  draw  a fponge  or  pencil,  dipped  in 
aqua  fortis,  or  fpirit  of  nitre,  over  them. 
If  after  this  you  would  have  them  appear 
agin,  let  the  paper  be  quite  dry  by  the 
air,  and  then.pafs  the  vivifying  liquor, 
that  is,  the  diffolution  of  orpiment,  over 
them  again. 

* The  vapour  of  this  liquor  fhould  be  kept 
from  the  mouth,  as  it  is  highly  pernicious. 
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Another  ink  of  this  clafs. 

Diffolve  bifmuth  in  the  nitrous  acid. 
The  letters  wrote  with  this  ink  will  be- 
come quite  black  by  being  expofed  to  the 
vapour  of  the  liver  of  fulphur,  which  is 
of  fo  penetrating  a nature  that  it  will  act 
upon  the  ink  through  a quire  of  paper,  or 
even  the  flight  partition  of  a room. 

< 

Sympathetic  gold  ink . 

Put  as  much  gold  into  a fmall  quantity 
of  aqua  regia  as  it  will  diffolve,  and  then 
dilute  it  with  two  or  three  times  as  much 
diftilled  water. 

Diffolve,  in  a feparate  veffel,  fine  pew- 
ter in  aqua  regia,  and  when  it  is  well  fatu- 
rated,  add  to  it  an  equal  quantity  of  dif- 
tilled water. 

Let  the  characters  you  write  with  the 
diffolution  of  gold  become  quite  dry,  in 
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the  fhade,  and  they  will  not  appear  for 
the  firft  feven  or  eight  hours.  Dip  a pen- 
cil, or  fmall  finefponge,  in  the  diffolution 
of  pewter,  and  drawing  it  lightly  over  the 
invifible  characters,  they  will  prefently 
appear  of  a purple  colour. 


The  extraordinary  effect  of  this  fym- 
pathetic  ink  is  an  exception  to  the  general 
chemical  principles,  for  we  here  fee  two 
metallic  fubftances,  change  their  colour 
by  mixture,  without  any  apparent  fermen- 
tation. 

The  purple  colour  of  the  letters  may  be 
effaced,  by  wetting  them  with  aqua  re- 
gia ; and  it  may  be  produced  a fecondtime 
by  paffing  the  diffolution  of  pewter  over 
them  again.  This  diffolution  of  gold  in 
aqua  regia,  as  well  as  that  of  filver  in  the 
nitrous  acid,  being  diluted  by  a fufficient 
quantity  of  water,  will  likewife  ferve  to 
write  letters  that  will  difappear  when  they 
become  dry,  if  they  be  carefully  kept 

from 
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from  the  open  air;  but  will  be  vilible 
after  being  expofed  an  hour  or  two  to  the 
fun  or  the  fire. 


Another Sympathetic  ink , 

Diffolve  green  vitriol  in  common  wa- 
ter, and  add  a fmall  quantity  of  nitrous 
acid,  to  prevent  that  yellowifh  precipita- 
tion that  will  otherwife  be  formed.  The 
charaders  wrote  in  this  diffolution  with  a 
new  pen  will  be  vifible. 


Infufe  in  water,  or  white  wine,  fmall 
Aleppo  galls,  lightly  bruifed*.  At  the  end 
of  two  or  three  days  pour  the  infufion 
cleanly  off.  By  drawing  a pencil  dipped 
in  this  infufion  over  the  letters  wrote  with 
the  laft  diffolution,  they  will  appear  of  a 
beautiful  black,  efpecially  if  the  infufion 
be  ftrong* 

* You  may  put  three-fourths  of  a pint  of  water 
or  wine  to  two  ounces  of  galls. 
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The  letters  wrote  with  the  lafl;  diflolu- 
tion  will  become  a fine  blue,  if  they  be 
wetted  withiwater  faturated  with  Pruflian 
blue : and  letters  wrote  with  this  water, 
which  will  be  invifible,  will  likewife  turn 
to  a fine  blue,  by  being  wetted  with  the 
above  diffolution. 

RECREATION  LIX. 

The  book  of  fate. 

A /TAKE  a book  of  feventy  or  eighty 
“*-*-*•  leaves,  and  in  the  cover  at  the  end 
of  it  let  there  be  a cafe,  which  opens 
next  the  binding,  that  it  may  not  be  per-: 
geived. 

At  the  top  of  each,  right  hand  page  write’ 
any  queftion  you  pleafe,  and  at  the  be- 
ginning of  the  book  let  there  be  a table 
of  all  thofequefuons,  with  the  number  of 
the  page  where  each  is  contained.  Then 
write  with  common  ink,  on  feparate  pa- 
pers, each  about  half  the  fize  of  the  pages 
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in  the  book,  the  fame  queftions  that  are 
in  the  book,  and  under  each  of  them 
write,  wiih  the  ink  made  oftihe  impreg- 
nation of  Saturn,  or  the  diffolution  of  bif- 
moth,  the  anfwer. 

Soak  a double  paper  in  the  vivifying 
ink  made  of  quick  lime  and  orpiment,  or 
the  phlogifton  of  the  liver  of  fulphur,  and 
place  if,  juft  before  you  make  the  experi- 
ment, in  the  cafe  that  is  in  the  cover  of 
the  book. 

Then  deliver  fome  of  the  papers  on 
which  the  queftions  are  wrote  to  the  com- 
pany, and  after  they  have  chofe  fuch  as 
they  would  have  anfwered,  they  put  them 
in  thofe  leaves  where  the  fame  queftions 
are  contained,  and  fhutting  the  book  for 
a few  minutes,  the  fulphureousfpirit  with 
which  the  paper  in  the  cover  of  the  book 
is  imbibed,  will  penetrate  the  leaves,  and 
make  the  anfwers  vifible,  which  will  be 
of  a brown  colour,  and  more  or  lefs  deep 
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in  proportion  to  the  time  the  book  has 
been  clofed*. 

RECREATION  LX. 

The  marvellous  portrait . 

MAKE  a box  about  four  inches  long, 
and  three  wide,  as  A BCD,  (Plate 
XII.  Fig.  5.)  and  quite  fhallow.  Let  it 
fhut  with  hinges  and  fallen  with  a hook; 
and  let  it  have  two  bottoms,  theloweft  of 
wood,  that  draws  out  by  a groove,  and  the 
uppermoftof  pafteboard.  Between  thefe 
two  bottoms  is  to  be  placed  a paper  dipped 
in  the  vivifying  ink  mentioned  in  the  laid 
Recreation.  Let  there  be  alfo  a board  of 
the  fame  fize  with  the  infide  of  the  box, 
which  being  placed  in  it  may  prefs  a pa- 
per againft  the  pafteboard  bottom. 

Then  take  feveral  pieces  of  paper,  of 
the  fame  fize  with  the  infide  of  the  box, 

* If  a weight  be  placed  upon  the  book,  the  effect 
will  be  the  fooner  produced.  Or  you  may  put  the 
book  in  a box  that  will  prefs  it  clofe  down. 
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and  draw  on  them  the  figures  of  men  and 
women,  in  different  attitudes  and  employ- 
ments, as  walking,  riding,  reading,  writ^ 
ing,  fee.  Thefe  figures  muft  be  drawn 
with  a new  pen  or  pencil,  dipped  in  the 
impregnation  of  Saturn. 

Being  thus  provided,  and  having  pri- 
vately placed  the  paper  dipped  in  the  vivi- 
fying ink  between  the  two  bottoms,  you 
tell  a perfon  you  will  fhow  him  what  an 
abfent  friend  of  his  is  doing  at  the  prefent 
hour.  You  then  give  him  the  paper  a- 
dapted  to  the  employment  you  intend,  and 
tell  him  to  write  his  friend’s  name  at  the 
bottom,  that  you  may  not  change  the  paper. 
Then  placing  that  paper  next  the  pafte- 
board  bottom,  and  putting  the  piece  of 
wood  over  it,  you  fhut  the  box.  After  a- 
muling  him  with  difeourfe  for  three  or 
four  minutes,  you  take  out  the  paper* 
When  he  will  fee  his  friend  in  the  employ- 
ment you  have  affigned  him. 
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RECREATION  LXL 

The  artificial  hand . 

X E T a workman  make  a hand  of  wood, 
1 J (Plate  XII.  Fig.  6.)  fixed  at  the  end 
next  the  elbow  to  the  piece  E,  the  ends 
of  which  go  through  the  fcrews  C F and 
D G.  The  fore  and  middle  fingers,  and 
the  thumb,  are  to  be  moveable  at  their 
joints.  There  muft  go  a wire  through 
the  arm,  that  is  fixed  at  one  end  to  the 
fore  finger,  and  at  the  other  to  the  piece 
E,  round  which  it  is  to  move  : under  the 
two  joints  of  the  two  fingers  are  alfo 
placed  two  fmall  fprings,  which  are  to 
raife  it  up. 

To  the  fore  finger  and  thumb  fix  two 
fmall  rings,  through  which  a pen  maybe 
put,  fo  as  not  to  impede  their  motion. 
Under  the  arm,  at  the  point  I,  place  a fmall 
brafs  roller,  which  ferves  to  fuftain  the  arm. 
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The  pedeftal  on  which  this  hand  is  placed 
muft  beat  lead:  a foot  long,  if  the  hand  be 
of  the  natural  fize,  and  about  eight  inches 
wide.  This  pedeftal  muft  be  hollow,  and 
at  the  part  S T there  mud  be  an  opening 
about  three  inches  long  and  two  inches 
wide  ; the  whole  pedeftal  may  be  covered 
with  a thin  fluff  by  which  the  hole  will  be 
concealed.  There  is  to  be  a valve,  orfortof 
trap-door,  on  the  infide  of  the  pedeftal, 
which  is  to  fatten  againft  the  opening. 

Over  the  hand  and  pedeftal  place  a glafs 
frame,  as  in  the  figure  : cover  the  hand 
with  fine  leather  of  flefh  colour,  and  de- 
corate the  arm  with  a ruffle  and  cuff,  which 
will  entirely  conceal  the  machinery. 


Then  take  a number  of  cards  and  write 
on  them  different  queftions,  and  on  the 
fame  number  of  papers  write,  with  the 
impregnation  of  Saturn,  the  anfwers.  Give 
the  cards  to  any  one,  and  let  him  choofe 
a queftion,  and  you  place  the  paper  with 
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the  anfwer  under  the  pen  in  the  hand,  let- 
ting him  firft  fee  there  is  no  writing  on 
it*.  Now  the  pedeftal  being  placed  a- 
gainft  a partition,  the  end  F is  to  go  thro’ 
it.  Therefore  an  affiftant,  upon  a fignal 
given,  turns  a handle  fixed  to  F,  and  as 
piece  E turns  round  the  wires  that  moves 
the  fingers  and  thumb  are  alternately 
lengthened  and  fhortened,  by  which  their 
joints  are  kept  in  continual  motion  ; and 
thefcrew  at  the  fame  time  turning  gently 
from  F towards  G,  gives  the  whole  arm 
a motion  which  very  much  refembles  that 
of  naturef . 

* A paper  dipped  in  the  vivifying  liquor  is  to  be 
previoufly  placed  againft  the’opening  in  the  table,  and 
fupported  by  the  tap-door. 

f This  might  be  performed  without  an  . affiftant, 
by  means  of  a trigger  placed  in  the  leg  of  the  table, 
and  communicating  with  the  handles,  which  the  ope- 
rator might  thruft  down  with  his  foot.  Where  ex- 
pence is  not  regarded,  there  may  be  a complete  figure 
of  a man  in  wood,  or  plaifter  of  Paris,  feated  by  the 
table. 
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The  hand  and  pen  ferve  here  merely  to 
affift  the  illufion  : but  if  a bit  of  fponge, 
dipped  in  the  viviyfying  ink,  be  placed  at 
the  end  of  the  pen,  as  it  goes  over  the 
writing  on  the  paper,  it  will  make  it  be- 
come gradually  vifible,  and  in  this  cafe 
the  trap  door  and  dipped  paper  may  be 
omitted*. 

Sympathetic  inks  of  the  fecond  clafs. 

The  fympathetic  ink  of  gold,  of  which 
we  have  already  given  the  compofition,  is 
alfo  of  this  clafs  ; for  without  paffing  the 
diffolution  of  copper  over  it,  when  it  is 
only  expofed  to  the  air  an  hour  or  two  it 
becomes  by  degrees  of  a deep  violet  co- 
lour, that  nearly  approaches  black. 

* You  may  alfo  have  a glafs  ink-ftand,  with 
fome  of  the  vivifying  liquor,  into  which  the  pen 
may  be  dipped,  and  it  will  then  appear  to  write 
with  common  ink.  The  fpe&ators  fhould  not  be 
permitted  to  come  very  near  this  machine,  which 
jnay  be  applied  to  feveral  other  purpofes. 

But 
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But  if  inftead  of  expofing  it  to  the  air, 
you  keep  the  paper  on  which  it  is  wrote 
in  a box  fhut  clofe,  or  wrapt  up  in  an- 
other paper,  it  will  remain  invifible  for 
three  or  four  months,  but  after  that  time 
it  will  become  of  a deep  violet  colour*. 

Sympathetic  Jilver  ink . 

Diflolve  fine  filver  in  aqua  fortis,  and 
after  the  diffolution  add  fome  diftilled  wa- 
ter, in  the  fame  manner  as  in  the  gold 
ink.  What  is  wrote  with  this  ink,  will 
remain  invifible  for  three  or  four  months, 
if  it  be  kept  quite  clofe  from  the  air,  but 
will  appear  in  an  hour  if  expofed  to  the 
fun,  and  will  be  of  a grey  colour,  like 
that  of  a (late. 

Under  this  fecond  clafs  of  fympathetics 
may  be  alfo  included  feveral  other  diffo- 
lutions  of  metals,  fuch  as  lead  by  vinegar, 

* If  in  writing  it  make  yellow  fpots  on  the  paper, 
you  mull  add  to  it  a little  common  water. 
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copper  by  aqua  fortis9  which  gives  the  co- 
lour of  tan  on  the  paper;  pewter  by  aqua 
regia  ; emery  and  certain  pyrites,  in  fpirit 
of  fait;  mercury  in  aqua  fortis;  or  iron 
by  vinegar.  Each  of  thefe  diffolutions 
expofed  to  the  air  have  a particular  colour; 
but  they  have  the  difagreeable  quality  of 
rotting  the  paper,  fo  that  after  a certain 
time  the  characters  appear  like  holes,  in 
the  fame  manner  as  if  they  had  been  cut 
out ; they  are  therefore  fit  only  for  extem- 
pore recreations. 


RECREATION  LXII 


The  writing  againjl  the  wall. 


T^AKE  feveral  pieces  of  paper,  of  a fize 
that  you  can  put  in  any  book  that 
will  go  into  your  pocket,  and  write  at  the 
top  of  each  of  them  a queftion,  with  com- 
mon ink,  and  under  it  write  the  anfwer 
with  the  gold  or  filver  ink  juft  mentioned. 
Give  any  one  of  thefe  papers,  clofely  wrapt 
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up,  to  a perfon,  and  tell  him  to  place  it 
again  ft  the  wall  of  his  chamber,  and  keep- 
ing the  door  locked  he  will  next  day  find 
the  anfwer  wrote  on  it. 

As  the  gold  ink  will  fometimes  give  a 
yellow  caft  to  the  paper,  you  may  previ- 
oufly  give  a flight  tindure  of  that  kind 
to  the  papers  you  ufe  for  this  purpofe. 

RECREATION  LXIII. 

‘ The  talifman. 

MAKE  a little  triangular  box,  (Plate 
XII.  Fig.  7.)  each  fide  of  which  is 
to  be  about  five  inches,  and  let  its  infide 
be  divided  into  three  parts.  The  firft 
part  A,  which  makes  the  bottom  of  the 
box,  is  to  be  covered  by  the  fecond  part 
B,  in  form  of  a cafe,  and  let  the  top  C, 
exadly  cover  the  part  B ; as  is  expreffed  in 
'he  figure  and  the  profiles. 
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Upon  the  bottom  of  the  box  let  there  be 
a plate  of  copper,  about  one-twentieth  of 
an  inch  thick,  on  which  let  there  be  a num- 
ber of  heiroglyphic  characters,  conti- 
guous to  each  other,  and  cut  in  different 
forts  of  metal. 

On  the  top  of  the  cover  place  a knob 
O,  .that  goes  through  it,  and  to  which 
the  copper  triangle  Q is  to  be  fixed  occa-r 
fionally,  in  fuch  manner  as  it  may  go  into 
the  cafe  B.  There  muff  be  a fpace  of  one 
quarter  of  an  inch  between  the  triangle  Q, 
and  the  bottom  of  the  cafe  B ; into  which 
another  plate  of  copper,  of  that  thicknefs, 
may  be  placed. 

Theoutfideof  this  talifman  maybe  de^ 
corated  with  uncommon  figures  or  charac- 
ters, to  give  it  the  appearance  of  greater 
myftery. 


On  feveral  pieces  of  paper,  of  the  fame 
fize  with  the  infide  of  the  talifman,  write 

dif- 
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different  queftions,  in  common  ink,  and 
write  the  anfwers  in  thofe  different  forts 
of  fympathetic  ink,  that  appear  when 
heated,  obferving  that  each  word  of  the 
anfwer  is  to  be  wrote  in  a different 
ink*. 

Having  properly  heated  the  triangle, 
and  placed  it  under  the  cover,  you  intro- 
duce thetalifman,  and  tell  anyone  of  the 
company  to  choofe  one  of  the  papers  on 
which  the  queftions  are  wrote,  and  place 
it  in  the  talifman,  and  he  will  immediate- 
ly have  an  anfwer  wrote  on  that  paper,  the 
words  of  which  will  be  of  different  co- 
lours, according  to  the  different  metals  of 
which  the  talifman  is  com  poled.  The 
paper  being  placed  in  the  talifman,  and 
the  cover  placed  over  it,  the  heat  of  the 
triangle  will  make  the  anfwer  vifible  in  a 
few  moments.  This  Recreation  may  be 
repeated  if  the  triangle  be  made  fuffici- 

* The  inks  proper  for  this  purpofe  will  be  defcribed 
further  on. 
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ently  hot;  and  two  papers  maybe  placed 
in  the  talifman  at  the  fame  time. 

This  Recreation,  when  well  executed, 
occaftons  a furprize  that  cannot  be  conceiv- 
ed by  a mere  defcription. 

RECREATION  LXIV. 

‘ The  fibyls. 

^ /f[ AKE  a wooden  pedeftal  A R,  (PL 
XIII.  Fig.  i.)  about  ten  inches  long, 
eight  wide,  and  one  deep:  and  at  one 
end  ered  a box  C,  about  ten  inches  high, 
eight  broad,  and  two  and  a half  deep. 


The  top  of  the  pedeftal  muft  Aide  in  a 
groove,  on  which  infcribe  a dial  M,  of  fix 
inches  diameter,  which  is  to  be  divided 
into  nineteen  parts;  in  twelve  of  which 
write  the  names  of  the  months,  and 
mark  the  refpedive  figns  of  the  zodaic 
and  in  the  feven  other  divifions,  which 

muft 
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mufi  be  next  the  end  B,  write  the  days 
of  the  week,  and  mark  the  figures  of  the 
planets.  Next  the  inner  circle  NO,  make 
an  opening  into  the  box  of  about  one- 
tenth  of  an  inch.  On  the  center  of  the 
dial,  place  an  index  M,  that  turns  freely 
on  its  center. 

Within  the  pedeflal  place  a pulley  P,  a- 
bout  four  inches  diameter,  which  is  to  turn 
on  an  axis  that  is  directly  under  the  center 
of  the  dial,  and  on  the  upper  part  of  that 
axis  fix  a bent  index  R,  which  comes  out 
at  the  opening  made  by  the  inner  circle*, 
and  paffes  over  thofe  feven  divifions  only, 
on  which  are  wrote  the  days  of  the  week. 

Within  the  box  C,  let  there  be  two 
rollers  S,  and  T,  as  in  the  figure  : let  that 
of  S contain  a fpring,  and  at  the  end  of  T 
let  there  be  a pulley  V of  three  quarters  of 
an  inch  diameter,  round  which  goes  a firing 

*If  the  axis  be  made  topafs  through  the  top  of  the 
pedeflal,  this  opening  will  not  be  neceffary. 
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or  thread  thatpaffes  under  the  fmall  pul- 
ley X,  and  is  fattened  to  that  of  P : fo  that 
when  the  laft  pulley  makes  about  one- 
third  of  a turn,  that  of  V may  make  three 
or  four  turns. 

There  niuft  be  alfo  a fcroll  of  paper, 
about  two  feet  long,  and  each  end  of 
which  mutt  be  patted  to  one  of  the  rollers. 
In  the  front  of  the  box  between  the  two 
rollers,  make  an  aperture  D,  about  four 
inches  long,  and  one  inch  and  a half  wide : 
to  this  opening  let  there  be  a little  flap  or 
Aider,  by  which  it  may  be  clofed  at  plea- 
sure. 


The  apparatus  being  thus  difpofed, 
place  the  index  R fucceffively  againft  each 
of  the  divifions  marked  with  one  of  the 
planets,  and  as  the  paper  is  gradually 
wound  up  the  roller,  mark  againft  that 
part  which  is  at  the  aperture  D,  the  name 
of  one  of  the  following  fibyls. 


The 
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The  Hellifpontian" 
Cumean 


Artemifian 

Phrygian 

Albunean 

Periian 

Lybian 


> fibyl. 


On  each  of  the  feven  cards  write  a dif- 
ferent queftion,  and  draw  one  of  the  feven 
planets.  Next,  take  a memorandum- 
book,  that  contains  feven  leaves,  and  on 
each  of  them  write  the  name  of  one  of 
the  foregoing  fibyls ; in  each  of  the  leaves 
place  feveral  pieces  of  paper,  and  on  each 
of  them  write,  with  the  fympathetic 
ink  that  does  not  appear  till  the  paper  is 
heated,  different  anfwers  to  the  fame  quef- 
tions. 

Then  give  a perfon  the  feven  cards  on 
which  the  queftions  are  wrote,  and  tell 
him  to  choofe  one  of  them  privately,  and 
conceal  the  reft,  fothat  it  cannot  poflibly 
be  known  which  of  them  he  has  chofe. 

Next 
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Next  tell  him  to  place  the  index  that 
points  to  the  month  againfc  that  in  which 
he  was  born*,  and  to  place  the  index  of 
the  plant  againfc  that  which  is  on  the 
card  he  has  chofe,  and  which  is  to  prefide 
over  the  anfwer:  you  tell  him  to  do  this 
privately,  that  no  one  may  fee  him,  and 
after  that  to  cover  the  dial  with  his 
handkerchief.  Then  let  him  open  the 
door  that  is  before  the  aperture  in  the 
box,  and  tell  you  the  name  of  the  fibyl 
there  vifible. 

You  then  open  the  memorandum-book, 
and  taking  out  the  papers  that  are  in  the 
leaf  where  the  name  of  the  fibyl  juft  men- 
tioned is  wrote,  you  defire  him  to  choofe 
any  one  of  them  he  thinks  proper.  The 
talifman  ufed  in  the  laft  Recreation  being 
properly  heated,  is  then  to  be  introduced, 
when  you  dired  the  perfon  to  put  the 

* Thefe  months  and  the  index  are  pf  no  other  ufe 
than  to  give  the  experiment  an  air  of  greater  my  fiery. 

blank 
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blank  paper  into  it,  and  taking  it  out  a few 
moments  after,  he  will  find  the  anfwer 
to  his  queftion. 

To  make  this  operation  appear  the 
more  extraordinary,  it  will  be  proper  to 
have  a fmall  prefs  or  cupboard,  at  the 
back  of  which  there  is  a door  that  opens 
into  an  adjoining  room,  by  which  means 
an  affiftant  having  prepared  the  talifman 
may  place  it  in  the  cupboard  the  moment 
before  it  is  wanted.  This  contrivance  will 
be  ufeful  on  many  other  occafions. 


RECREATION  LXV. 


‘ The  magic  urn . 


ROVIDE  an  urn  of  wood  or  metal 


about  fix  inches  high  and  two  and  a 
half  diameter  in  the  wideft  part,  and  of 
fuch  figure  in  other  refpe&s  as  you  think 
proper  (fee  PL  XIII.  Fig.  2)  Let  there 
be  a cylinder  of  copper  C,  Fig.  3.  of  about 
one-eighth  of  an  inch  diameter,  which  is 


to 
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to  fill  a hole  A B,  made  in  the  urn.  The' 
top  of  this  cylinder  is  to  be  in  the  top 
of  the  urn,  fo  that  it  may  be  eafily  taken 
out.  To  this  urn  there  mud  be  a cover 
D,  which  fits  it  exadly. 

On  a fmall  fquare  piece  of  paper  draw 
the  figure  of  a flower  or  leaf,  with  that 
fort  of  fympathetic  ink,  whofe  colour  mod 
refembles  it.  You  then  prefent  feveral 
forts  of  flowers  or  leaves  to  a perfon,  and 
defire  him  to  choofe  any  one  of  them. 
Then  put  that  flower  on  a chaffingdifh  of 
hot  coals,  and  taking  the  paper  on  which 
it  is  fecretly  drawn;  you  give  it  to  the 
perfon  to  examine,  and  then  put  it  in  the 
urn,  having  previoufiy  heated  the  cylin- 
der*. Then  taking  feme  of  the  afhes  of 
the  burnt  flower,  you  ftrew  them  over 
the  paper,  after  which  you  take  it  out 
and  fhew  the  company  the  figure  of  that 
flower.  While  the  flower  is  burning  you 

* There  are  fome  forts  of  fympathetic  inks  that 
require  much  more  heat  than  others. 

may 
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may  fprinkle  fome  powder  oyer  it,  fup- 
pofe  that  of  faltpetre,  and  by  that,  mixed 
with  the  afhes  of  the  flower,  the  company 
may  imagine  the  effed  is  produced. 

The  prefs  or  cupboard  mentioned  in 
the  laft  Recreation  will  be  here  very  con- 
venient for  heating  the  cylinder  and 
placing  it  in  the  urn.  A fimilar  Recreation 
may  be  performed  by  putting  the  paper 
in  a copper  veffel,  that  may  be  placed 
on  an  iron  plate  over  the  chafingdifh  in 
which  the  flower  is  burnt.  But  this  me- 
thod has  not  fo  myfterious  an  appear- 
ance as  the  other,  and  in  fome  perfons 
may  caufe  a fufpicion  that  the  effed  is  pro- 
duced by  heat. 

Other  Sympathetic  inks . 

Befide  thofe  mentioned  in  the  begin- 
ning of  this  article  there  are  feveral  other 
inks  which  appear  very  lively  when  a 
Vol.  IV.  P coloured 
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coloured  liquor  is  palled  lightly  over  them,* 
of  which  the  following  are  the  mo  ft  ma- 
terial. 

/ 

A yellow  fympathetic  ink  is  made  by 
fteeping  the  flowers  of  the  marygolds 
feven  or  eight  days,  or  more,  in  clear 
diftilled  vinegar,  and  then  prefling  them 
out.  The  liquor  is  to  be  kept  in  a bottle 
well  corked.  If  you  would  have  it  ftili 
more  limpid,  add  at  the  time  of  ufing  it 
fome  clear  water. 

For  a red  invifible  ink  ; to  the  pure  fpL 
rit  of  vitriol  or  that  of  nitre,  add  eight  or 
ten  times  as  much  water,  as  you  would 
have  it  more  or  lefs  red. 

For  a green  ink  of  this  fort,  diflblve 
fait  of  tartar,  the  cleareft,  and  drieft  you 
can  procure,  in  a fufficient  .quantity  of 
river  water. 


For 
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For  a violet  fympathetic  ink,  exprefs 
the  juice  of  lemons  and  keep  it  in  a bottle 
well  corked. 

All  that  is  wrote  on  paper,  or  any 
white  body,  fuch  as  filk,  cloth,  kc.  with 
one  of  thofe  inks,  will  appear  of  the  co- 
lour above  expreffed,  after  it  has  been 
dipped  in  the  following  liquor.  Take 
a fufficient  quantity  of  the  flowers  of  pan- 
cy,  or  of  the  common  violet,  and  bruife 
them  in  a mortar,  adding  fome  water 
to  them,  and  (training  the  liquor  through 
a cloth,  keep  it  in  a bottle  ; or  take  water 
in  which  turnfole  has  been  fteeped. 
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RECREATION  LXVI. 

‘ The  revivified  bouquets . 

PROVIDE  a number  of  artificial  flow- 
ers, fuch  as  rofes,  jonquils,  pinks,  or 
any  other  you  find  convenient.  Thefe 
flowers  mu  ft  be  made  of  white  thread  or 
filk,  and  their  leaves  of  parchment.  Dip 
the  rofes  in  the  red  fympathetic  ink,  the 
jonquils  in  the  yellow,  the  pinks  in  the 
violet,  and  their  leaves  in  the  green  ink. 
When  they  are  all  dry  form  them  into 
fmall  bouquets,  which  will  all  appear 
white  and  may  beufed  in  this  Recreation, 
either  the  day  they  are  dipped,  or  feveral 
days  after. 

You  take  one  of  thefe  bouquets,  and 
after  fhowing  the  company  that  every 
part  of  it  is  white,  you  dip  it  in  the  vivi- 
fyingliquor  made  of  violets,  juft  defcribed, 

and 
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and  drawing  it  prefently  out,  all  the  flow- 
ers and  leaves  will  appear  in  the  natural 
colours*. 

RECREATION  LXVII. 


The  tr anf colour ated  writing . 

WRITE  on  a paper,  with  the  violet 
liquor,  as  many  letters  or  words 
as  you  pleafe ; and  afk  any  perfon  whether 
he  will  have  that  writing  turn  to  yellow, 
green,  or  red. 

Have  a fponge  with  three  fides  that 
you  can  readily  diftinguifh,  and  dip  each 
of  its  fides  in  one  of  the  three  fympathetic 
inks.  Draw  the  fide  of  the  fponge  that 
correfponds  to  the  colour  the  perfon  has 

* The  vivifying  liquor  fhould  be  put  in  a fort  of 
jar,  with  a narrow  neck,  that  it  may  not  be  feen  by 
the  company ; and  you  fhould  draw  the  flowers  gently 
out,  that  the  liquor  may  drop,  if  thin,  and  they  may 
have  time  to  acquire  their  colours. 
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chofe,  over  the  writing  once- only;  and 
it  will  diredly  change  to  the  colour  re- 
quired*. 

Sympathetic  inks  of  the  third  clafs. 

Thefe,  as  we  have  faid,  are  fuch  as  be- 
come vifible  by  having  any  fine  powder 
ftrewed  over  them,  aud  may  be  compofed 
of  the  glutinous  and  colourlefs  juice  of 
any  vegetable,  the  milk  of  animals,  and 
many  other  fubftances. 

RECREATION  LXVIII. 

Magical  vegetations. 

ON  different  papers  draw  the  figures  of 
feveral  leaves  or  flowers  with  one  of 
the  colourlefs  juices  above  mentioned : 
then  take  one  of  the  correfponding  leaves 
or  flowers,  and  laying  it  on  an  iron  plate 
over  a chaffingdifh  of  hot  coals,  lei  it  burn 

* The  fponge  fhould  be  well  cleaned  immediately 
after  the  experiment. 
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to  afhes.  Put  thefe  afhes  into  a fieve,  in 
which  there  is  fome  very  fine  fteel  filings, 
and  fift  them  over  the  paper  on  which 
the  flower  is  drawn,  when  they  will  ad- 
here to  the  glutinous  liquor,  and  form  an 
exad  reprefentation  of  the  figure  of  the 
leaf  or  flower. 


Sympathetic  inks  of  the  fourth  claps . 

This  clafs,  comprehending  all  thofe  that 
become  vifible  by  being  expofed  to  the 
fire  ; is  very  extenfive,  as  it  contains  all 
thofe  infufions  and  dilfolutions,  in  which 
the  matter  diffolved  is  capable  of  being 
reduced  into  a fort  of  charcoal  by  a fmall 
heat.  A few  examples  of  thefe  inks  will 
here  fuffice,  and  the  rather,  as  mod  of 
thofe  of  the  firft  clafs  which  appear  on 
being  expofed  to  the  air,  are  of  this  clafs 
likewife. 

Thefe  inks  may  be  made  by  a ftrong 
diffolution  of  vitriol  in  common  water,  or 
P 4 of 
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of  the  juice  of  lemons  or  onions;  the  two 
latter  requiring  lefs  heating  than  the  firft, 
but  they  will  not  keep  fo  long. 

RECREATION  LXIX. 

The  tranfmutahle  cards. 

T N a common  pack  of  cards,  let  the  ace 
^ of  hearts  and  nine  of  fpades  be  fome 
thing  larger  than  the  reft.  With  the  juice 
of  lemon  drawn  over  the  ace  of  hearts  a 
fpade,  large  enough  to  cover  it  entirely,  and 
on  each  fide  draw  four  other  fpades. 

Prefent  the  pack  to  two  perfons,  fo  a - 
droitly,  that  one  of  them  fhall  draw  the 
ace  of  hearts  and  the  other  the  nine  of 
fpades,  and  tell  him  who  draws  the  latter, 
to  burn  it  on  a chafingdifh.  You  then 
take  the  afhes  of  that  card,  and  put  them 
into  a fmall  metal  box,  and  give  it  to  him 
who  has  the  ace  of  hearts,  that  he  may 
himfelf  put  that  card  into  the  box  and 
faften  it.  Then  put  the  box  for  a fhort 

time 
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time  on  the  chafingdifh,  and  let  the  per- 
- fon  who  put  the  card  in  it,  take  it  off  and 
take  out  the  card,  which  he  will  fee  is 
turned  to  the  nine  of  fpades*. 


RECREATION  LXX. 


The  convertible  cards . 


O perform  this  Recreation  you  muft 


JL  obferve  that  there  are  feveral  letters 
which  may  be  changed  into  others,  with- 
out any  appearance  of  the  alteration ; as 
the  a into  d , the  c into  a,  e , d,  g , o , or  q, 
the  i into  b , d , or  /,  the  l into  t , the  ointo 
a,  d , g,  or  q , the  r;  into  y,  &c. 

Take  a parcel  of  cards,  fuppofe  20,  and 
on  one  of  them  write,  with  the  ink  of 
the  fourth  clafs  the  word  law f,  and  on 

* In  making  this  experiment  the  chafingdifh  fhould 
not  be  brought  into  the  room  till  the  two  cards  are 
drawn,  that  if  the  parties  fhould  not  drawthofe  cards 
you  may  exhibit  fome  other  recreation. 

f Thefe  letters  fhould  not  be  joined. 


the 
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the  other,  with  the  fame  ink,  the  words 
old  woman ; then  holding  them  to  the  fire 
they  will  both  become  vifible.  Now  you 
will  obferve  that  by  altering  the  a in  the 
Mvox&Jaw  into  d,  and  adding  o before  the 
/,  and  oman  after  the  w,  it  becomes  old  wo- 
man. Therefore  you  make  thofe  alter- 
ations with  the  invifible  ink,  and  let  it  re- 
main fo.  On  the  reft  of  the  cards  you 
write  any  words  you  think  fit. 

Prefen t the  cards  in  fuch  manner  to  two 
perfons,  that  one  of  them  fhali  draw  the 
word  law,  and  the  other  the  words  old  wo- 
man. You  then  tell  the  perfon  who  drew 
the  word  law , that  it  fhali  difappear,  and 
the  words  on  the  other  card  fhali  be 
wrote  in  its  place  : and  that  you  may  not 
change  the  cards,  defire  each  of  the  par- 
ties to  write  his  name  on  his  .card.  Then 
putting  the  cards  together,  and  holding 
thembefore  the  fire,  as  if  to  draw  the  names 
juft  wrote,  the  word  law  will  prefently 
change  into  old  woman. 


This 
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This  Recreation  may  be  varied  by 
fixing  on  a word  that  may  be  changed  into 
three  other  words,  and  making  four  per- 
forms draw  the  cards  on  which  thofe  words 
are  wrote;  and  it  may  be  further  diverfi- 
fied  by  chofing  three  fuch  words,  as  that 
the  firft  can  be  changed  into  the  fecond, 
and  the  fecond  into  the  third.  You  then 
tell  him  who  drew  the  firfx  word,  that  it 
fhall  be  changed  into  that  drawn  by  the 
fecond  perfon  ; and  him  you  tell,  that  his 
word  fhall  be  changed  into  that  of  the 
third  perfon. 


RECREATION  LXXL 

the  oracular  letters . 

RITE  on  feveral  Hips  of  paper  dif- 


v v ferent  queftions,  and  fuch  as  may 
be  anfwered  by  the  name  of  forne  perfon  ; 
for  example,  Who  is  the  merrieft  man  in 
the  company?  Anfwer, Mr,  * * * *.  To 
whom  will  Mifs  * * * be  married  ? An- 
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fwer,  To  Mr.  ***.  Thefe  queftions  are 

to  be  wrote  in  the  fympathetic  ink  of 

* / 

this  clafs,  and  expofed  to  the  fire,  and  the 
anfwers  wrote  in  the  fame  ink,  and  left 
invifible.  The  papers  are  to  be  folded  in 
form  of  letters,  and  in  fuch  manner  that 
the  part  where  the  name  is  wrote  fhall  be 
diredly  under  the  feal,  and  the  heat  of 
the  wax  will  make  it  vifible.  Then  give 
the  letter  to  the  perfon  who  requires  the 
anfwer,  and  he  will  find  it  plainly  wrote. 

A recreation  fimilar  to  this  may  be  made 
with  a number  of  blank  cards,  on  each  of 
which  an  ace  of  fpades  is  drawn  with  the 
invifible  ink ; then  let  a perfon  choofe 
any  one  of  them,  and  enclofe  it  in  a letter 
cafe,  prepared  in  fuch  manner  that  the 
figure  of  the  ace  fhall  be  diredly  under 
the  feal,  and  on  opening  the  letter  it  will 
be  immediately  vifible. 


Sympa- 
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Sympathetic  inks  of  the  fifth  clafs. 


The  green  ink . 

Take  zaffre  in  powder,  and  let  it  remain 
for  diffolution  in  aqua  regia  during  twenty- 
four  hours.  Pour  the  liquor  off  clear, 
and  add  to  it  as  much  or  more  common 
water,  and  keep  it  in  a bottle  well 
corked. 


This  ink  will  not  be  vifible  till  it  has 
been  expofed  to  the  fire,  or  to  the  ftrong 
rays  of  the  fun.  The  characters  will  then 
be  of  a lively  green.  It  is  the  peculiar 
property  of  this  ink,  that  as  foon  as  the 
paper  becomes  cold  again  the  letters  dif- 
appear,  and  this  alternate  appearance  and 
difappearance  may  be  repeated  a great 
number  of  times,  provided  that  by  too 
great  heat  the  letters  never  acquire  the  co- 
lour 


lour  of  fillemot,  for  after  that  they  will 
never  difappear*. 


RECREATION  lxxil 

‘ The  incomprehenfible  writing . 

IJjAVE  a box  thaCis  divided  into  three 
^ parts,  after  the  fame  manner  as  the 
talifman  in  the  63d  Recreation,  except  that 
inftead  of  being  triangular,  it  muft  be  of 
a long  fquare,  (fee  Plate  XIII.  Fig.  4. ) Di- 
vide its  top  B into  two  equal  parts  D and 
E,  as  in  Fig.  5.  and  to  the  part  D ad- 
juft  a plate  of  copper  L,  about  one  quar- 
ter of  an  inch  thick,  and  under  both 
the'plate  L and  the  opening  E,  place  a 
cloth.  The  upper  part  C muft  have  a 
button  by  which  it  may  be  fixed  on  the 

* This  ink  may  be  alfo  made  of  cobalt,  in  the 
manner  defcribed  by  M.  Hellot,  in  the  memoires 
deft’ Academic  des  Sciences  for  1737  ; but  that  me- 
thod is  far  more  embarrafmg  to  fuch  as  are  not  ufed 
to  chemical  operations. 
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cdver  B,  fo  as  to  appear  of  one  piece 
with  it. 

At  the  bottom  of  the  box  place  a piece 
of  cloath,  or  other  fluff,  on  which  you  may 
ftamp  certain  myfterious  characters,  and 
obferve  that  the  bottom  of  the  cover  muft 
reft  upon  this  cloth. 

Then  provide  a flip  of  paper  G H,  Fig, 
6.  of  the  fame  fize  with  the  bottom  of 
the  box,  and  at  each  end  of  it  write,  with 
the  green  fympathetic  ink,  the  name  of  a 
different  card,  and  make  fome  private 
mark,  by  which  you  can  tell  at  which  end 
each  name  is  wrote*. 

Take  a parcel  of  cards,  and  offer *thofe 
two  of  them  whofe  names  are  wrote  on 
the  paper  to  the  two  perfons,  that  they 

* That  there  may  be  no  fufpicion  of  the  papers 
being  prepared,  you  may  cut  it  from  a whole  (heet* 
before  the  company,  having  previoufly  wrrote  the 
names# 

• 
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may  draw  them.  You  tell  the  parties  to 
keep  their  cards  to  themfelves,  and  you 
propofe  to  make  the  names  of  thofe  cards 
appear  upon  a flip  of  paper,  which  you 
put  into  the  box.  You  then  afk  which 
name  of  the  two  cards  fhall  appear  firft. 
The  copper  plate  being  previoufly  heated 
and  placed  in  the  covei',  you  put  it  over 
that  end  of  the  paper  on  which  is  the 
name  required,  and  it  will  prefently  ap- 
pear. Then  taking  the  paper  out  and 
fhowing  the  name  wrote,  you  put  it  in 
again,  turning  the  other  end  to  the  fide 
of  the  box  where  the  plate  is,  and  it  will 
in  like  manner  become  vifible. 

The  firft  name  may  be  made  to  difap- 
pear  at  the  fame  time  that  the  fecond  ap- 
pears, if  the  cloth  at  the  end  oppofite  to 
that  where  the  plate  is,  be  made  damp. 
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Winter  changed  to  Spring. 

r I ^ AKE  a print  that  reprefents  winter, 
A and  trace  over  the  proper  parts  of 
the  trees,  plants,  and  ground  with  the 
green  fympathetic  ink  ; obferving  to 
make  fome  parts  deeper  than  others,  ac- 
cording to  their  diftance.  When  thofe 
parts  are  dry,  paint  the  other  objeds 
with  their  natural  colours.  Then  put 
the  print  in  a frame  with  a glafs,  and  co- 
ver the  back  of  it  with  a paper  that  is 
pafted  over  its  border  only. 

When  this  print  is  expofed  to  the  heat 
of  a moderate  fire,  or  to  the  warm  rays 
of  the  fun,  all  the  grafs  and  foliage  will 
turn  to  a a pleafing  green,  and  if  a yeilow 
tint  be  given  to  fome  parts  of  the  print, 
before  the  fympathetic  ink  be  drawn  over 
it,  this  green  will  be  of  different  fhades  ; 
and  the  fcene  that  a minute  before  repre- 
Vol.  IV.  Q fented 
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fented  winter,  will  now  be  changed  to 
fpring.  When  this  print  is  placed  in  the 
cold,  winter  will  again  appear,  and  will 
again  be  driven  away  by  the  warm  rays 
of  the  fun.  This  alternate  change  of 
feafons  may  be  repeated  as  often  as  you 
pleafe  ; remembering,  however,  as  was 
before  obferved,  not  to  make  the  print 
at  any  time  too  hot,  for  then  a faded 
autumn  will  for  ever  remain. 

Sympathetic  ink  that  appears  by  being 
wetted  with  water . 

Mix  alum  with  a fufficient  quantity  of 
lemon  juice.  The  letters  wrote  with  this 
mixture  will  be  invifible  till  they  are 
wetted  with  water,  and  then  will  appear 
of  a greyifh  colour  and  tranfparent. 

% 

Or  you  may  write  with  a ftrongdiffolu- 
tion  of  rock  alum  only,  and  when  the 
writing  is  dry,  pour  a final!  quantity  of 
water  over  it,  and  it  will  appear  of  a 

white. 
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white,  like  that  of  the  paper  before  it  was 
wetted. 

All  faline  liquors,  fuch  as  vitriolic,  ni- 
treous,  and  marine  acids,  diluted  with 
water ; the  liquor  of  fixed  vegetable  al- 
kalis, and  even  vinegar,  will  produce  the 
fame  effed. 

When  the  paper  is  ftrong  and  contains 
a fufficient  quantity  of  fize,  and  the  fa- 
line  liquors  are  properly  diluted,  as,  for 
example,  when  one  ounce  of  aqua  fortis  is 
mixed  with  three  or  four  ounces  of  water, 
the  writing  will  dry  well,  become  abfo- 
lutely  invifible,  and  not  run  out  of  its 
form  when  the  paper  is  wetted.  As  the 
paper  dries  it  will  become  again  invifi- 
ble, and  may  be  made  to  appear  and  dis- 
appear many  times. 

This  fort  of  ink  is  very  convenient,  as 
it  may  be  eafily  prepared  with  many 
fubflances  that  are  readily  procured,  and 
Q 2 as 
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as  it  does  not  require  heating,  nor  the  af- 
fifiance  of  any  other  liquor,  except  com- 
mon water*. 

RECREATION  LXXIV.  , 
The  oracular  mirror . 

PROVIDE  a round  mirror,  (Plate 
XIII.  Fig.  7.)  of  about  three  inches 
diameter,  and  whofe  frame  is  an  inch 
wide.  Line  the  under  part  of  the  frame, 
in  which  holes  are  to  be  cut,  with  very 
thin  glafs  ; behind  this  glafs  let  the  mirror 
ABCD,  of  about  two  inches  diameter, 
be  placed,  which  is  to  be  moveable,  fo 
that  by  inclining  the  frame  to  either  fide, 
part  of  the  mirror  will  be  vifible,  behind 
the  glafs,  on  that  fide. 

* They  who  would  amufe  themfelves  further  with 
thefe  matters,  may  confult  a treatife  wrote  cxprefsly 
on  the  fubjedt,  by  that  bright  luminary  in  the  Britifh 
hemifphere  of  fcience,  the  fagacious  Boyle. 


Then 
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Then  take  Spanifh  chalk,  or  Cyprus 
vitriol,  of  which  you  make  a pencil,  and 
with  this  you  may  write  on  a glaf s and 
rub  it  off  with  a cloth,  and  by  breathing 
on  the  glafs  the  writing  will  appear  and 
difappear  feveral  times.  With  this  pen- 
cil write  oil  one  fide  of  the  mirror,  be- 
fore it  is  put  in  the  frame,  the  wordyej, 
and  on  the  other  fide,  no  ; and  wipe 
them  off  with  a cloth. 

You  propofe  to  a perfon  to  afk  any 
queftion  of  this  mirror  that  can  be  an- 
fwered  by  the  words  yes  or  no.  Then 
turning  the  glafs  to  one  fide,  and  put- 
ting your  mouth  clofe  to  it,  as  if  to 
repeat  the  queftion  foftly,  you  breathe 
on  it,  and  the  word  yes  or  no  will  imme- 
diately appear.  This  mirror  will  ferve 
for  many  other  agreeable  amufements. 
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RECREATION  LXXV. 

The  tree  of  Diana . 

AKE  half  an  ounce  of  fine  filver,  ei- 


-*■  ther  in  filings  or  cut  fmall,  and  two 
drams  of  mercury,  and  diffolve  them  in 
three  or  four  ounces  of  aqua  fortis.  When 
the  diffolution  is  perfedly  made,  pour  it 
into  a pint  of  common  water,  and  ftir  it 
about,  that  the  whole  may  be  well  mixed. 
Keep  this  preparation  in  a bottle  well 
corked. 

In  a fmall  phial  put  the  quantity  of  a 
pea,  of  the  amalgam  of  filver  with  mer- 
cury, and  pour  an  ounce  of  the  above  li- 
quor over  it.  There  will  prefently  rife 
from  that  little  globular  amalgam  fmall 
branches,  that  by  encreafing  will  form  a 
kind  of  fhrub,  or  bufhy  tree,  of  a filver 
colour. 
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Another  way  of  producing  this  appear- 
ance is  by  diffolving  an  ounce  of  fine 
filver  in  three  ounces  of  firong  aqua  for- 
ds, in  a glafs  or  earthen  veffel.  When 
the  filver  is  quite  difloived,  pour  the  aqua 
fords  into  another  glafs  veffel,  wide  at  the 
bottom,  with  feven  or  eight  ounces  of 
mercury,  and  add  one  quart  of  common 
water  : to  the  whole  add  your  diffolved 
filver,  and  let  it  remain  untouched. 

In  a few  days  the  mercury  will  appear 
to  be  covered  with  a multitude  of  little 
branches,  refembling  Render  fhrubs,  and 
of  a filver  colour.  This  appearance  will 
continually  increafe  for  a month  or  two, 
and  will  remain  after  the  mercury  is  en- 
tirely diffolved  *. 

* It  was  very  likely  fome  experiment  like  this,  toge~ 
ther  with  a deception  fimilar  to  that  tiled  in  a forego- 
ing Recreation,  that  gave  rife  to  the  pretended 
experiment  of  producing  a tree  or  flower  fr  m its 
afhes,  which  many  have  thought  poflible,  and  for 
the  performing  of  which  Paracelfus  and  Kircher  have 
each  of  them  given  a regular  procefs,  which  ferves 
only  to  (how  what  low  arts  and  effrontery,  have  been 
pra&ifed  by  men  of  letters  in  ignorant  ages. 
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recreations  with  the  cards*. 

Previous  to  thefe  recreations  with  the 
cards,  it  will  be  neceflary  to  explain  the 
method  of  making  the  pafs  : that  is, 
bringing  a certain  number  of  cards 
from  the  bottom  of  the  pack  to  the 
top  ; as  many  of  thefe  recreations  de- 
pend on  that  manoeuvre. 

HOLD  the  pack  of  cards  in  your  right 
hand,  fo  that  the  palm  of  your 
hand  may  be  under  the  cards  : place  the 
thumb  of  that  hand  on  one  fide  of  the 
pack,  the  firft,  fecond,  and  third  fingers 
on  the  other  fide,  and  your  little  finger 
between  thofe  cards  that  are  to  be  brought 
to  the  top,  and  the  reft  of  the  pack. 
Then  place  your  left  hand  over  the  cards, 
in  fuch  manner, .that  the  thumb  may  be 
at  C,  (PI.  XIV.  Fig  1,  and  2.)  the  fore- 
finger at  A,  and  the  other  fingers  at  B. 

* Several  of  thefe  recreations  were  invented  by 
M.  Guyot. 

The 
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The  hands  and  the  two  parts  of  the 
cards  being  thus  difpofed,  you  draw  off 
the  lower  cards  confined  by  the  little  fin- 
ger and  the  other  parts  of  the  right  hand, 
and  place  them,  with  an  imperceptible 
motion,  on  the  top  of  the  pack. 

It  is  quite  neceffary,  before  you  at- 
tempt any  of  the  recreations  that  depend 
on  making  the  pafs,  that  you  can  per- 
form it  fo  dextroufly  that  the  eye  cannot 
diftinguifh  the  motion  of  your  hand  ; 
otherwife,  inftead  of  deceiving  others 
you  will  expofe  yourfelf.  It  is  alfo  pro- 
per that  the  cards  make  no  noife,  as  that 
will  occafion  fufpicion.  This  dexterity 
is  not  to  be  attained  without  fome  prac- 
tice. 

We  have  mentioned  in  the  firft  volume 
the  method  of  preparing  a pack  of  cards, 
by  inferting  one  or  more  that  are  a fmall 
matter  longer  or  wider  than  the  reft,  and 
that  preparation  will  be  neceffary  in  fe- 
veral  of  the  following  recreations. 

RECRE- 
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RECREATION  LXXVL 

' "The  card  of  divination . 

II AVE  a pack  in  which  there  is  a long 
card  ; open  the  pack  at  that  part 
where  the  long  card  is,  and  prefent  the 
pack  to  a perfon  in  fuch  manner  that  he 
will  naturally  di'aw  that  card*..  He  is 
then  to  put  it  into  any  part  of  the  pack, 
and  fhuffle  the  cards.  You  take  the  pack 
and  offer  the  fame  card  in  like  manner  to 
a fecond  or  third  perfon  ; obferving,  how- 
ever, that  they  do  not  ftand  near  enough 
to  fee  the  card  each  other  draws.  You 
then  draw  feveral  cards  yourfelf,  among 
which  is  the  long  card,  and  afk  each  of 
the  parties  if  his  card  be  among  thofe 
cards,  and  he  will  naturally  fay  yes,  as 
they  have  all  drawn  the  fame  card.  You 
then  fhuffle  all  the  cards  together,  and 
cutting  them  at  the  long  card,  you  hold 

* See  Vol.  I.  p.  78. 

it 
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it  before  the  firffc  perfon,  fo  that  the 
others  may  not  fee  it,  and  tell  him  that 
is  his  card.  You  then  put  it  again  in  the 
pack,  and  fhufHing  them  a fecond  time, 
you  cut  again  at  the  fame  card,  and  hold 
it  in  like  manner  to  the  fecond  perfon, 
and  fo  of  the  reft*. 

If  the  firft  perfon  fhould  not  draw  the 
long  card,  each  of  the  parties  muft  draw 
different  cards ; when  cutting  the  pack  at 
the  long  card,  you  put  thofe  they  have 
drawn  over  it,  and  feeming  to  fhufHe  the 
cards  indifcriminately,  you  cut  them 
again  at  the  long  card,  and  fhow  one  of 

them  his  card.  You  then  fhuffleand  cut 

\ 

* There  is  frequently  exhibited  another  experi- 
ment, fimilar  to  this,  which  is  by  making  a perfon 
draw  the  long  card,  then  giving  him  the  pack,  you 
tell  him  to  place  his  card  where  he  pleafes,  and  fhuf- 
fle  them,  and  you  will  then  name  his  card,  or  cut  the 
pack  where  it  is.  You  may  alfo  tell  him  to  put  the 
pack  in  his  pocket,  and  you  will  draw  the  card,  which, 
you  may  eaiily  do  by  the  touch. 
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again  in  the  fame  manner,  and  fhow  ano- 
ther perfon  his  card,  and  fo  on  : remem- 
bering that  the  card  drawn  off  by  the  laft 
perfon  is  the  firft  next  the  long  card  ; 
and  fo  of  the  others. 

This  recreation  may  be  performed 
without  the  long  card,  in  the  following 
manner.  Let  a perfon  draw  any  card 
whatever,  and  replace  it  in  the  pack  : you 
then  make  the  pafs,  and  bring  that  card 
to  the  top  of  the  pack,  and  fhuffle  them 
without  lofing  fight  of  that  card.  You 
then  offer  that  card  to  a fecond  perfon, 
that  he  may  draw  it,  and  put  it  in  the 
middle  of  the  pack.  You  make  the  pafs 
and  fhuffle  the  cards  a fecond  time,  in 
the  fame  manner,  and  offer  the  card  to 
a third  perfon,  and  fo  again  to  a fourth  or 
fifth,  as  is  more  fully  explained  further  on. 
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RECREATION  LXXVIL 

The  four  confederate  cards. 

OU  let  a perfon  draw  any  four  cards 


A from  the  pack,  and  tell  him  to  think 
on  one  of  them.  When  he  returns  you 
the  four  cards  you  dextroufly  place  two 
of  them  under  the  pack  and  two  on  the 
top.  Under  thofe  at  the  bottom  you 
place  four  cards  of  any  fort,  and  then 
taking  eight  or  ten  from  the  bottom  cards* 
you  fpread  them  on  the  table,  and  afk  the 
perfon  if  the  card  he  fixed  on  be  among 
them.  If  he  fay  no , you  are  fure  it  is 
one  of  the  two  cards  on  the  top.  You 
then  pafs  thofe  two  cards  to  the  bottom, 
and  drawing  off  the  loweft  of  them,  you 
afk  if  that  is  not  his  card.  If  he  again  fay 
no9  you  take  that  card  up,  and  bid  hint 
draw  his  card  from  the  bottom  of  the  pack. 

If  the  perfon  fay  his  card  is  among 
thofe  you  firft  drew  from  the  bottom,  yon 
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muft  dextroufly  take  up  the  four  cards  that 
you  put  under  them,  and  placing  thofe 
on  the  top,  let  the  other  two  be  the  bot- 
tom cards_  of  the  pack,  which  you  are  to 
draw  in  the  manner  before  defcribed. 

RECREATION  LXXVIIL 

The  numerical  card . 

ET  the  long  card  be  the  fixteenth  in 


JL.-J  a pack  of  piquet  cards.  Take  ten  or 
twelve  cards  from  the  top  of  the  pack,  and 
fpreading  them  on  the  table  defire  a per- 
fon  to  think  of  any  one  of  them,  and  to 
obferve  the  number  it  is  from  the  firfi:  card. 
Make  the  pafs  at  the  long  card,  which 
will  then  be  at  the  bottom.  Then  alk 
the  party  the  number  his  card  was  at,  and 
counting  toyourfelf  from  that  number  to 
16,  turning  the  cards  up  one  by  one, 
from  the  bottom.  Then  flop,  at  the  fe- 
venteenth  card,  and  afk  the  perfon  if  he 
has  feen  his  card,  when  he  will  fay  no. 
You  then  alk  him  how  many  more  cards 
Vol.  IV.  R you 
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you  (hail  draw  before  his  card  appears ; 
and  when  he  has  named  the  number,  you 
draw  the  card  afide  with  your  finger,  and 
turn  up  the  number  of  cards  he  propofed, 
and  then  throw  down  the  card  he  fix- 
ed on. 


RECREATION  LXXIX. 

Divination  by  the  fword . 

AFTER  a card  has*'  been  drawn  you 
place  it  under  the  long  card,  and  by 
fhuffling  them  dextroafly  you  bring  it  to 
the  top  of  the  pack.  Then  lay,  or  throw, 
the  pack  on  the  ground,  obferving  where 
the  top  card  lays.  A handkerchief  is  then 
bound  over  your  eyes,  in  fuch  manner 
however  that  you  can  fee  the  ground, 
which  may  be  eafily  done.  A fword  is 
then  put  into  your  hand,  with  which  you 
touch  feveral  of  the  cards,  feemingly  in 
great  doubt,  but  never  lofing  fight  of  the 
top  card,  in  which  at  laft  you  fix  the  point 

of 
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of  the  fword,  and  prefent  it  to  him  who 
drew  it.  Two  or  three  cards  may  be  dif- 


covered  in  the  fame  manner*  that  is,  by 
placing  them  under  the  long  card,  and 
then  bringing  them  to  the  top  of  the 
pack. 

RECREATION  LXXX. 

The  card  thought  on  perforce . 


OU  fpread  part  of  a pack  of  cards  be- 


A fore  a perfon,  in  fuch  manner  that 
one  of  the  pidure  cards  only  is  completely 
vilible.  You  then  tell  him  to  think  on 
one  of  thofe  cards,  obferving  attentively 
if  he  fix  his  eye  on  the  pidure  card. 
When  he  fays  he  has  determined,  you 
fhuffle  the  cards,  and  turning  them  up, 
one  by  one,  you  tell  him  that  is  his  card. 

If  he  does  not  appear  to  fix  his  eye  on 
the  pidured  card,  or  if  he  fpread  the  cards 
in  order  to  fix  on  another,  you  tell  him  to 
draw  the  card  he  choofes,  and  then  by 
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placing  it  under  the  long  card  you  per- 
form fome  other  recreation.  It  is  eafy  to 
conceive  that  this  recreation  may  fail, 
and  that  it  fhouid  not  be  attempted  with 
thofe  who  are  converfant  with  deceptions 
of  this  fort. 


RECREATION  LXXXI. 


‘ The  tranfmutable  cards . 


OU  muft  have  in  the  pack  two  cards 


of  the  fame  fort,  fuppofe  the  king  of 
fpades.  One  of  thefeis  to  t>e  placed  next 
the  bottom  card,  which  may  be  the  feven 
of  hearts,  or  any  other  card.  The  other 
is  to  be  placed  at  top.  You  then  fhuffle 
the  cards,  without  difplacing  thofe  three 
cards,  and  fhow  a perfon  that  the  bottom 
card  is  the  feven  of  hearts.  Then  draw- 
ing that  card  privately  afide  with  your 
linger,  which  you  have  wetted  for  that 
purpofe,  you  take  the  king  of  fpades  from 
the  bottom,  which  the  perfon  fuppofes  to 
he  the  feven  of  hearts,  and  lay  it  on  the 


table, 
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table,  telling  him  to  cover  it  with  his 
hand.  You  then  fhuffle  the  cards  again, 
without  difplacing  the  firfi  and  laft  card, 
and  palling  the  other  king  of  fpades  at  the 
top  to  the  bottom,  you  fhow  it  to  another 
perfon.  You  then  draw  that  privately  a- 
way,  and  taking  the  bottom  card,  which 
will  then  be  the  feven  of  hearts,  you  lay 
that  on  the  table,  and  tell  the  fecond  per- 
fon, who  believes  it  to  be  the  king  of 
fpades,  to  cover  it  with  his  hand. 

You  then  command  the  feven  of  hearts, 
which  is  fuppofed  to  be  under  the  hand  of 
the  firfi:  perfon,  to  change  into  the  king 
of  fpades  ; and  the  king  of  fpades,  which 
is  fuppofed  to  be  under  the  hand  of  the 
fecond  perfon,  to  change  into  the  feven  of 
hearts;  and  when  the  two  parties  take 
their  hands  off,  and  turn  up  the  cards, 
they  will  fee,  to  their  no  fmall  aftonilh- 
ment,  after  having  fo  carefully  obferved 
the  bottom  cards,  that  your  commands 
are  punctually  obeyed. 
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RECREATION  LXXXII, 


"The  three  magical  parties. 

OU  are  to  offer  the  long  card  to  any 


A one,  that  he  may  draw  it,  and  place 
it  again  in  any  part  of  the  pack  he  thinks 
proper.  You  then  make  the  pafs,  and 
bring  that  card  to  the  top  of  the  pack. 
You  next  divide  the  pack  into  three  heaps, 
obferving  to  put  the  long  card  in  the  mid- 
dle heap,  as  that  is  mofi:  commonly  chofe. 
You  then  demand  of  the  perfon  which  of 
the  heaps  the  card  he  drew  fhall  be  in . If 
he  reply  in  the  middle  parcel,  you  imme- 
diately (how  him  the  card.  But  if  he 
fay  in  either  of  the  others,  you  take  all  the 
cards  in  your  hand,  placing  the  parcel  he 
has  named  over  the  other  two,  obferving 
to  put  your  little  finger  between  that  and 
the  middle  heap,  at  the  top  of  which  is  the 
card  he  drew.  You  then  afk  at  what 
number  in  that  heap  he  will  have  his  card 


appear. 
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appear.  If  he  fay,  for  example,  the  fixth 
card,  you  tell  down  five  cards  from  the 
top  of  the  pack,  and  then  dextroully  mak- 
ing the  pafs,  you  bring  the  long  card  to 
the  top,  and  tell  it  down  as  the  fixth. 


RECREATION  LXXXIII. 

j the  inverted  cards . 

PREPARE  a pack  of  cards,  by  cutting 
one  end  of  them  about  one-tenth  of 
an  inch  narrower  than  the  other : then 
offer  the  pack  to  any  one  that  he  may 
draw  a card  ; place  the  pack  on  the  ta- 
ble, and  obferve  carefully  if  he  turn  the 
card  while  he  is  looking  at  it:  if  "he  do 
not,  when  you  take  the  pack  from  the  ta- 
ble, you  offer  the  other  end  of  it  for  him 
to  infert  that  card;  but  if  he  turn  the 
card,  you  then  offer  him  the  fame  end  of 
the  pack.  You  afterwards  offer  the  cards 
to  a fecond  or  third  perfon,  for  them  to 
R 4 draw 
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draw  and  replace  a card  in  the  fame  man- 
ner. You  then  let  any  one  fhuffle  the 
card  and  taking  them  again  in  your  own 
hand,  as  you  turn  them  up  one  by  one, 
you  eafily  perceive  by  the  touch  which 
thofe  cards  are  that  have  been  inverted, 
and  laying  the  firfl  of  them  down  on  the 
table,  you  afk  the  perfon  if  that  card 
be  his,  if  he  fay  no,  you  afk  the  fame  of 
the  fecond  perfon,  and  if  he  fay  no , you 
tell  the  third  perfon  it  is  his  card  ; and  fo 
of  the  fecond  and  third  cards.  Youfhould 
lay  the  pack  on  the  table  after  each  per- 
fon has  drawn  his  card,  and  turn  it  dex- 
troufly  in  taking  it  up,  when  it  is  to  be 
turned,  that  the  experiment  may  not  ap- 
pear to  depend  on  the  cards  being  in- 
verted.. 
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RECREATION  LXXXIV. 


"The  card  difcovered  by  the  touch  or  fmell. 
OU  offer  the  long  card,  or  any  other 


that  you  know,  and  as  the  perfon 
who  has  drawn  it  holds  it  in  his  hand,  you 
pretend  to  feel  the  pips  or  figure  on  the 
under  fide  by  your  fore  finger  ; or  you  fa- 
gacioufly  fmell  to  it,  and  then  pronounce 
what  card  it  is. 

If  it  be  the  long  card,  you  may  give 
the  pack  to  the  perfon  who  drew  it,  and 
leave  him  at  liberty  either  to  replace  it, 
or  not.  Then  taking  the  pack,  you  feel 
immediately  whether  it  be  there  or  not, 
and  fhuffling  the  cards  in  a carelefs  man- 
ner, without  looking  at  them,  you  pro- 
nounce accordingly. 
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250 


RATIONAL 


RECREATION  LXXXV. 

‘ The  incomprehertjible  tranfpojition. 

P 

TAKE  a card,  the  fame  as  your  long 
card,  and  rolling  it  up  very  clofe, 
put  it  in  an  egg,  by  making  a hole  as  fmall 
as  poffible,  and  which  you  are  to  fill  up 
carefully  with  white  wax.  You  then  of- 
fer the  long  card  to  be  drawn,  and  when 
it  is  replaced  in  the  pack  you  fhuffle  the 
cards  feveral  times,  giving  the  egg  to  the 
perfon  who  drew  the  card,  and  while  he 
is  breaking  it,  you  privately  withdraw  the 
long  card,  that  it  may  appear,  upon  ex- 
amining the  cards,  to  have  gone  from 
the  pack  into  the  egg.  This  Recreation 
may  be  rendered  more  furprifing  by  hav- 
ing feveral  eggs,  in  each  of  which  is 
placed  a card  of  the  fame  fort,  and  then 
giving  the  perfon  the  liberty  to  choofe 
which  egg  he  thinks  fit. 


This 
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This  deception  may  be  ftill  further  di- 
verfified,  by  having,  as  moft  public  per- 
formers have,  a confederate,  who  is  pre- 
vioufly  to  know  the  egg  in  which  the 
card  is  placed;  for  you  may  then  break 
the  other  eggs,  and  fhow  that  the  only  one 
that  contains  a card  is  that  in  which  you 
directed  it  to  be. 


RECREATION  LXXXVL 


The  card  in  the  pocket-book. 


HIS  Recreation  is  to  be  performed  by 


A a confederate,  who  is  previoully  to 
know  the  card  you  have  taken  from  the  pack 
and  put  in  your  pocket-book.  You  then 
prefent  the  pack  to  your  confederate,  and 
defire  him  to  fix  on  a card,  (which  we  will 
fuppofe  to  be  the  queen  of  diamonds)  and 
then  place  the  pack  on  the  table.  You 
then  afk  him  the  name  of  the  card,  and 
when  he  fays  the  queen  of  diamonds,  you 
afk  him  if  he  be  not  miftaken,  and  if  he 


be 
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be  fure  that  card  is  in  the  pack:  when 
he  replies  in  the  affirmitive,  you  fay,  it 
might  be  there  when  you  looked  over 
the  cards,  but  I believe  it  is  now  in  my 
pocket : then  defire  a third  perfon  to  put 
his  hand  in  your  pocket,  and  take  out  your 
book,  and  when  it  is  opened  the  card 
will  appear. 

Experiments  of  this  kind  appear  as  won- 
derful to  thofe  who  have  no  idea  of  a con- 
federacy, as  they  do  Ample  and  trifling  to 
thofe  that  are  in  the  fecret. 

RECREATION  LXXXVII. 

To  tell  the  card  that  a perfon  has  only  once 

touched  with  his  finger. 

' / 

THIS  Recreation  alfo  is  to  be  perform- 
ed by  confederacy.  You  previoufly 
agree  with  your  confederate  on  certain 
figns,  by  which  he  is  to  denote  the  fuit, 
and  the  particular  card  of  each  fuit ; as 

thus : 
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thus : if  he  touch  the  firft  button  of  his 
coat,  it  fignifies  an  ace ; if  the  fecond,  a 
king,  kc.  and  then  again  if  he  take  out 
his  handkerchief,  it  denotes  the  fuit  to 
be  hearts ; if  he  take  fnuff,  diamonds, 
kc.  Thefe  preliminaries  being  fettled, 
you  give  the  pack  to  a perfon  who  is  near 
your  confederate,  and  tell  him  to  feparate 
any  one  card  from  the  reft,  while  you  are 
abfent,  and  draw  his  finger  once  over  it. 
He  is  then  to  return  you  the  pack, 
and  while  you  are  fhufHing  the  cards, 
you  carefully  note  the  fignals  made  by 
your  confederate.  Then  turning  the  cards 
over  one  by  one,  you  diredly  fix  on  the 
card  he  touched. 


RECRE- 
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RECREATION  LXXXVIIL 

"To  name  feveral  cards  that  two  perfons  have- 
drawn  from  the  pack. 

IVIDE  a piquet  pack  of  cards  into 


JLJr  two  parts  by  a long  card.  Let  the 
firft  part  contain  a quint  to  a king  in 
clubs  andfpades,  the  four  eights,  the  ten 
of  diamonds,  and  ten  of  hearts ; and  let 
the  other  part  contain  the  two  quart  ma- 
jors in  hearts  and  diamonds,  the  fourfe- 
vens  and  the  four  nines*. 

Then  fhuffie  the  cards,  but  obferve  not 
to  difplace  any  of  thofe  cards  of  the  laft 
part  which  are  under  the  long  card.  You 
then  cut  at  that  card,  and  leave  the  pack 
in  two  parts.  Next,  prefen t the  firft  of 
thofe  parts  to  a perfon,  and  tell  him  to 
draw  two  or  three  cards,  and  place  the 

* The  cards  may  be  divided  in  any  other  manner 
? that  is  eafy  to  be  remembered. 


remainder 
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remainder  on  the  table.  You  prefent  the 
fecond  parcel  in  like  manner  to  another. 
Then  having  dextroufly  placed  the  cards 
drawn  by  the  firft  perfon  in  the  fecond 
parcel,  and  thofe  drawn  by  the  fecond  per- 
fon in  the  firft  parcel,  you  fhuffle  the 
cards,  obferving  to  difplace  none  but  the 
upper  cards.  Then  fpreading  the  cards 
on  the  table,  you  name  thofe  that  each 
perfon  drew;  which  you  will  very  eafily 
do,  by  obferving  the  cards  that  are 
changed  in  each  parcel. 

RECREATION  LXXXIX. 

The  two  convertible  aces . 

ON  the  ace  of  fpades  fix  with  foap,  a 
heart,  and  on  the  ace  of  hearts  $ 
fpade,  in  fuch  manner  that  they  will  ea- 
fily flip  off. 


Show  thefe  two  aces  to  the  company ; 
then  taking  the;  ace  of  fpades  you  defire  a 

perfon 
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perfon  to  put  his  foot  upon  it,  and  as  ydii 
place  it  on  the  ground,  draw  away  the 
fpade.  In  like  manner  you  place  the 
feeming  ace  of  hearts  under  the  foot  of 
another  perfon.  You  then  command  the 
two  cards  to  change  their  places ; and  that 
they  obey  your  command,  the  two  perfons, 
on  taking  up  their  cards,  will  have  ocular 
demonftration.* 

* A deception  fimilar  to  this  is  fometimes  pra6Hfed 
with  one  card,  fuppofe  the  ace  of  fpades,  over  which 
a heart  is  patted  (lightly.  After  fiiowing  a perfon  the 
card  you  let  him  hold  one  end  of  it,  and  you  hold  the 
other,  and  while  you  amufe  him  with  difcourfe  you 
hide  off  the  heart.  Then  laying  the  card  on  the  ta- 
ble you  bid  him  cover  it  with  his  hand.  You  then 
knock  under  the  table,  and  command  the  heart  to 
turn  into  the  ace  of  fpades.  By  deceptions  like  theie 
people  of  little  experience  and  much  conceit  are  fre- 
quently deprived  of  their  money  and  rendered  ridi- 
culous. 


R £ C R E- 


RECRE  AT  IONS. 


257 


RECREATION  XC. 


The  fifteenth  thoufand  livres. 

YT>U  inufl  be  prepared  with  two  cards, 
like  thole  reprefented  by  Plate  XIV. 

- 

Fig.  3.  and  with  a common  ace  and  five 
of  diamonds. 


The  five  of  diamonds  and  the  two  pre- 
pared cards  are  to  be  difpofed  as  in  Fig.  4. 
and  holding  them  in  your  hand,  you  fay, 

4 4 A certain  F renchman  left  fifteen  thoufand 
livres,  which  are  reprefented  by  thefe  three 
cards  to  his  three  fons.  The  two  young^it 
agreed  to  leave  their  5000,  each  of  them, 
in  the  hands  of  the  elder,  that  he  might 
improve  it.”  While  you  are  telling  this 
ftory  you  lay  the  5 on  the  table,  and  put 
the  ace  in  its  place,  and  at  the  fame  time 
artfully  change  the  pofition  of  the  other 
two  cards,  that  the  three  cards  may  ap- 
pear, as  in  Fig  5.  You  then  refume  your 
difcourfe.  44  The  eldeft  brother,  inftead 
Vol.  IV,  S of 


1 
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of  improving  the  money,  loft  it  all  by 
gaming,  except  three  thoufand  livres,  as 
you  here  fee.”  You  then  lay  the  ace  on 
the  table,  and  taking  up  the  5,  continue 
your  ftory  : 66  The  eldeft,  forry  for  having 
loft  the  money,  went  to  the  Eaft-Xndies 
with  thefe  3000,  and  brought  back  1 5000.” 
You  then  ftiew  the  cards  in  the  fame  pe- 
tition as  at  fir  ft,  in  Fig.  3. 

To  render  this  deception  agreeable,  it 
muft  be  performed  with  dexterity,  and 
fhould  not  be  repeated,  but  the  cards  im- 
mediately put  in  the  pocket ; and  you 
fhould  have  five  common  cards  in  your 
pocket,  ready  to  fhow,  if  any  one  fhould 
defire  to  fee  them. 

Another  recreation  of  this  fort  may  be 
performed  with  fives  and  threes,  as  in 
Fig.  6 , 7,  and  8, 


RECRE- 


RECREATIONS. 


25  9 


RECREATION  XCI. 


The  card  difcovered  under  the  handkerchief . 
E T a perfon  draw  any  card  from  the 


^ reft,  and  put  it  in  the  middle  of  the 
pack.  You  make  the  pafs  at  that  place, 
and  the  card  will  confequently  be  at  top. 
Then  placing  the  pack  on  the  table,  cover 
it  with  a handkerchief,  and  putting  your 
hand  under  it,  take  off  the  top  card,  and 
after  feeming  to  fearch  among  the  cards 
for  fome  time,  draw  it  out. 

This  recreation  may  be  performed  by 
putting  the  cards  in  another  perfon’s  poc- 
ket, after  the  pafs  is  made.  Several  cards 
may  alfo  be  drawn  and  placed  together  in 
the  middle  of  the  pack,  and  the  pafs  then 
made. 
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R ECREATION  XCII. 

To  change  the  cards  that  feveral  perfons 
have  drawn  from  the  pack . 

/"AN  the  top  of  the  pack  put  any  card 
you  pleafe,  fuppofe  the  queen  of 
clubs.  Make  the  pafs,  and  bring  that 
card  to  the  middle  of  the  pack,  and  offer 
it  a perfon  to  draw.  Then,  by  cutting 
the  cards,  bring  the  queen  again  to  the 
middle  of  the  pack.  Make  the  pafs  a fe- 
cond  time,  and  bring  it  to  the  top,  and 
fhuffle  the  cards  without  difplacing  thofe 
on  the  top.  Make  the  pafs  a third  time, 
and  bring  it  to  the  middle  of  the  pack, 
and  offer  it  to  a fecond  perfon  to  draw ; 
who  muft  be  at  a proper  diftance  from  the 
firft  perfon,  that  he  may  not  perceive  it  is 
the  fame  card.  After  the  like  manner  did 
five  perfons  draw  the  fame  card. 

Shuffle  the  pack,  without  lofing  fight 
of  the  queen  of  clubs,  and  laying  down 

four 
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four  other  cards  with  the  queen,  afk  each 


perfon  if  he  fees  his  card  there.  They  will 
all  reply  yes,  as  they  all  drew  the  queen  of 
clubs.  Place  four  of  thofe  cards  to  the 
pack,  and  drawing  the  queen  privately  a- 
way ; you  approach  the  firft  perfon,  and 
fhowing  him  that  card,  fo  that  the  others 
cannot  fee  it,  and  aft  if  that  be  his  card. 
Then  putting  it  on  the  top  of  the  pack 
blow  on  it,  or  give  it  a ftroke  with  your 
hand,  and  fhew  it  in  the  fame  manner  to 
the  fecond  perfon  ; and  fo  of  the  reft. 

RECREATION  XCII1. 

The  four  infeparable  kings . 
r AKE  the  four  kings,  and  behind  the 


if  laft  of  them  place  two  other  cards, 
fo  that  they  may  not  be  feen.  Then 
fpread  open  the  four  kings  to  the  compa- 
ny, and  put  the  fix  cards  at  the  bottom  of 
the  pack.  Draw  one  of  the  kings,  and 
put  him  at  the  top  of  the  pack.  Draw 


S 3 


one 


262 


RATIONAL 


one  of  the  two  cards  at  the  bottom  and  put 
It  towards  the  middle.  Draw  the  other, 
and  put  it  at  fome  diftance  from  the  laft, 
and  then  fhow  that  there  remains  a king 
at  bottom.  Then  let  any  one  cut  the  cards, 
and  as  there  remained  three  kings  at  bot- 
tom, they  will  then  be  altogether  in  the 
middle  of  the  pack. 

RECREATION  XCIV. 

To  tell  the  number  of  cards  by  their  weight. 

HPAKE  a parcel  of  cards,  fuppofe  40, 
-*•  among  which  infert  two  long  cards  ; 
let  the  firft  be,  for  example,  the  15th, 
and  the  other  the  26th  from  the  top.  Seem 
to  fhuffle  the  cards,  and  then  cutting  them 
at  the  firft  long  card,  poife  thofe  you  have 
cut  off  in  your  left  hand,  and  fay,  “ there 
fhould  be  here  fifteen  cards.”  Cut  them 
again  at  the  fecond  long  card,  and  fay, 
44  there  are  here  only  eleven  cards.”  Then 
poifing  the  remainder,  you  fay,  “ here  are 
fourteen  cards.” 


R E~ 
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RECREATION  XCV. 


To  difcover  the  card  that  is  drawn  by  the 


throw  of  a die . 


RE  PARE  a pack  of  cards,  in  which 


fix  different  cards  are  contained  fix 
times;  that  is  in  which  there  are  only  fix 
forts  of  cards.  Difpofe  thefe  cards  in  fuch 
manner  that  each  of  the  fix  different  cards 
fhall  follow  each  other,  and  let  the  laft  of 
each  fuit  be  a long  card.  The  cards  being 
thus  difpofed,  it  follows,  that  if  you  di- 
vide them  into  fix  parcels,  by  cutting  at 
each  of  the  long  cards,  thofe  parcels  will 
all  confift  of  fimilar  cards. 

Let  a perfon  draw  a card  from  the  pack, 
and  let  him  replace  it  in  the  parcel  from 
whence  it  was  drawn,  by  dextroufly  of- 
fering that  part.  Cut  the  cards  fever al 
times,  fo  that  a long  card  may  be  always 
at  bottom.  Divide  the  cards  in  this  man- 
ner into  fix  heaps,  and  giving  a die  to  the 
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perfon  who  drew  the  card,  tell  him  that 
the  point  he  throws  fhall  indicate  the  par- 
cel in  which  is  the  card  he  drew;  then 
take  up  that  parcel  and  fhow  him  the 
card. 

Y ou  fhould  put  the  cards  in  your  pocket 
immediately  after  performing  this  Recre- 
ation, and  have  another  pack,  ready  to 
fhow,  if  any  one  fhould  afk  to  fee  the 
cards. 


RECREATION  XCVI. 

* 

To  feparate  the  two  colours  of  a pack  of 
cards  by  one  cut. 

Hp  H E pack:  muft  be  prepared  in  the 
fame  manner  as  in  the  83d  Recrea- 
tion ; that  is,  all  the  cards  of  one  colour 
muft  be  cut  fomething  narrower  at  one 
end  than  the  other.  You  fhow  the  cards, 
and  give  them  to  any  one  that  he  may 
fhuffle  them,  then  holding  them  between 

your 
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your  hands,  one  hand  being  at  each  extre- 
mity, with  one  motion  you  feparate  the 
hearts  and  diamonds  from  the  fpades  and 
clubs. 

This  Recreation  is  eafy  and  pleafant  to 
perform,  but  fhould  not  be  repeated;  un- 
lefs  you  have  another  pack  of  cards  which 
you  can  adroitly  fubftitute  in  the  place  of 
the  former,  and  with  them  you  may  fepa- 
rate the  pidured  cards  from  the  others, 
they  being  prepared  for  that  purpofe ; 
which  will  afford  a frefh  furprize.  You 
may  alfo  write  on  a number  of  blank  cards 
certain  letters  or  words  that  form  a quef- 
tion,  and  on  others  the  anfwer.  Several 
other  recreations  may  likewife  be  per- 
formed by  the  fame  method. 
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RECREATION  XCVII. 


The  metamorphofed  cards. 

| N the  middle  of  a pack  place  a card  that 
is  fomething  wider  than  the  reft  which 
we  will  fuppofe  to  be  the  knave  of  fpades,  % 
under  which  place  the  feven  of  diamonds, 
and  under  that  the  ten  of  clubs.  On  the 
top  of  the  pack  put  cards  limilar  to  thefe, 
and  others  on  which  are  painted  different 
objeds,  in  the  manner  following  : 


Firft  card 
2 

3 

4 

5 

6 ' 

7 

8 


A bird 

A feven  of  diamonds 
A flower 

Another  feven  of  diamonds 
A bird  „ 

Ten  of  clubs 
A flower 

Another  ten  of  clubs. 


i 
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Then  feven  or  eight  indifferent  cards; 
the  knave  of  fpades,  which  is  the  wide 
card;  the  feven  of  diamonds;  the  ten  of 

clubs ; and  the  reft  any  indifferent  cards. 

/ 

Two  perfons  are  then  to  draw  the  two 
cards  that  are  under  the  wide  card,  which 
are  the  feven  of  diamonds  and  the  ten  of 
clubs.  You  then  take  the  pack  in  your 
left  hand,  and  open  it  at  the  wide  card,  as 
you  open  a book,  and  tell  him  who  drew 
the  feven  of  diamonds  to  place  it  in  that 
opening.  You  then  blow  on  the  cards, 
and  without  doling  them  you  inftantly 
bring  the  card  which  is  at  top,  and  on 
which  a bird  is  painted,  over  that  feven 
of  diamonds*.  You  then  bid  the  perfon 
look  at  his  card,  and  when  he  has  remark- 
ed the  change,  1 6 place  it  where  it  was 
before.  Then  blow  on  the  cards  a fecond 
time,  and  bringing  the  feven  of  diamonds, 

* To  do  this  dextroufly  you  muft  wet  the  middle 
huger  of  your  left  hand,  with  which  you  are  to 
bring  the  card  to  the  middle  of  the  pack. 
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which  is  at  the  top  of  the  pack,  to  the  open- 
ing, you  bid  him  look  at  his  card  again, 
when  he  wiil  fee  it  is  that  he  drew.  You 
may  do  the  fame  with  ali  the  other  paint- 
ed cards,  either  with  the  fame  perfon,  or 
with  him  who  drew  the  ten  of  clubs. 

The  whole  artifice  in  this  Recreation 
confifts  in  bringing  the  card  at  the  top  of 
the  pack  to  the  opening  in  the  middle,  by 
the  wet  finger,  which  requires  no  great 
practice.  You  muft  obferve  not  to  let  the 
pack  go  out  of  your  hands  while  you  are 
performing  this  Recreation. 

RECREATION  XCVIII. 

‘ The  cards  in  the  opera  glafs. 

TTJROVIDE  an  opera  glafs  about  two 
inches  and  a half  long,  the  tube  of 
which  is  to  be  ivory,  and  fo  thin  that  the 
light  may  pafs  through  it.  In  this  tube 
place  a lens  of  two  inches  and  a quarter 

focus 
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focus,  fo  that  a card  of  about  three  quar- 
ters of  an  inch  long  may  appear  of  the 
fize  of  a common  card.  At  the  bottom 
of  the  tube  there  is  to  be  a circle  of  black 
pafteboard,  to  which  mud  be  fattened  a 
fmall  card  with  figures  on  both  fides,  by 
two  threads  of  filk,  in  fuch  manner  that 
by  turning  the  tube  either  fide  of  the.card 
may  be  vifible. 

% ■ 

You  then  offer  two  cards  in  a pack  to 
two  perfons,  which  they  are  to  draw,  and 
that  are  the  fame  as  thofe  in  the  glafs. 
After  which  you  (how  each  of  them  the 
card  he  has  drawn,  in  the  glafs,  by  turn* 
ing  it  to  the  proper  pofition. 

The  better  to  induce  the  parties  to  draw 
the  two  cards,  place  them  firft  on  the  top 
of  the  pack,  and  then,  by  making  the  pafs, 
bring  them  to  the  middle.  When  you 
can  make  the  pafs  in  a dextrous  manner, 
it  is  preferable,  on  many  occafions,  to  the 
long  card,  which  obliges  you  to  change 

the 
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the  pack  frequently  ; for  otherwife  it 
would  be  obferved  that  the  fame  card  is 
always  drawn,  and  doubtlefs  occafions 
fufpicion. 

\ r 

/ 

RECREATION  XCIX. 


• 

‘ The  magic  ring . 

MAKE  a ring  large  enough  to  go  on 
the  fecond  or  third  finger,  (pi.  XIV. 
Fig.  9.)  in  which  let  there  be  fet  a large 
tranfparent  ftone,  to  the  bottom  of  which 
muft  be  fixed  a fmall  piece  of  black  filk, 
that  maybe  either  drawn  afide  or  expand- 
ed by  turning  the  ftone  round.  Under 
the  filk  is  to  be  the  figure  of  a fmall 
card. 

Then  make  a perfon  draw  the  fame  fort 
of  card  as  that  at  the  bottom  of  the  ring, 
and  tell  him  to  bum  it  in  the  candle. 
Having  firft  fhown  him  the  ring,  you  take 
part  of  the  burnt  card,  and  reducing  if  to 

pOW“ 
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powder,  you  rub  the  ftone  with  it,  and  at 
the  fame  time  turn  it  artfully  about,  fo 
that  the  fmall  card  at  bottom  may  come 
in  view. 

RECREATION  C. 

The  card  in  the  mirror . 


T)ROVIDE  amiror,  either  round,  as  A, 
JL  (Plate  XIV.  Figure  10.)  or  oval,  the 
frame  of  which  mud  be  at  lead;  as  wide 
as  a card.  The  glafs  in  the  middle  muft 
be  made  to  move  in  the  two  grooves  C D 
and  E F,  and  fo  much  of  the  quickfilver 
muft  be  fcraped  01T  at  B,  as  is  equal  to  the 
fize  of  a common  card.  You  will  obferve 
that  the  glafs  muft  likewife  be  wider  than 
the  diftance  between  the  frame,  by  at  leaft 
the  width  of  a card. 


Then  pafte  over  the  part  where  the 
quickfilver  is  rubbed  off,  a piece  of  pafte 
board,  on  which  is  a card,  that  muft  ex- 
actly 
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acily  fit  the  Ipace,  which  muft  at  firft  be 
placed  behind  the  frame. 


This  mirror  muft  be  placed  againlt  a 
partition,  through  which  is  to  go  two 
firings,  by  which  an  aftiftant  in  the  ad- 
joining room  can  eafily  move  the  glaft  in 
the  grooves,  and  confequently  make  the 
card  appear  or  difappear  at  pleafure*. 

Matters  being  thus  prepared,  you  con- 
trive to  make  a perfon  draw  the  fame  fort 
of  card  with  that  fixed  to  the  mirror,  and 
place  it  in  the  middle  of  the  pack ; you 

* This  Recreation  may  be  performed  without 
an  affiftant,  if  a table  be  placed  a'gainft  the  parti- 
tion, and  the  firing  from  the  glafs  be  made  to  pafs 
through  a leg  of  it,  and  communicate  with  a fmali 
trigger,  which  you  may  eafily  pufh  down  with 
your  foot,  and  at  the  fame  time  be  wiping  the -glafs 
with  your  handkerchief,  that  the  card  may  appear 
the  more  confpicuous.  It  may  alfo  be  diversified 
by  having  the  figure  of  a head,  fuppofe  that  of 
fome  abfent  friend,  in  the  place  of  the  card. 
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then  make  the  pafs,  and  bring  it  to  the 
bottom ; you  then  dired  the  perfon  to  look 
for  his  card  in  the  mirror,  when  the  con- 
federate behind  the  partition  is  to  draw  it 
{lowly  forward,  and  it  will  appear  as  if 
placed  between  the  glafs  and  the  quicks 
filver.  While  the  glafs  is  drawing  for- 
ward you  Aide  off  the  card  from  the  bot- 
tom of  the  pack,  and  convey  it  away. 

The  card  fixed  to  the  mirror  may  eafily 
be  changed  each  time  the  experiment  is 
performed.  This  Recreation  may  be  alfo 
made  with  the  print  that  has  a glafs  before 
it,  and  a frame  of  fufficient  width ; by 
making  a flit  in  the  frame  through  which 
the  card  is  to  pafs ; but  the  effed  will  not 
be  fo  ftriking  as  in  the  mirror. 


Vol,  IV. 
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RECREATION  CL 

‘ The  marvellous  vafe. 

PL  A C E a vafe  of  wood  or  pafteboard 
AB,  (PI.  XIV.  Fig.  ii.)  on  a brae- 
ketL,  fixed  to  the  partition  M.  Let  the 
infide  of  this  vafe  be  divided  into  five 
parts,  c,  d,  e,  f,  g;  and  let  the  divifions  c 
and  d be  wide  enough  to  admit  a pack 
of  cards,  and  thofe  of  e,  /,  g,  one  card 
only. 

Fix  a thread  of  filk  at  the  point  H,  the 
other  end  of  which  palling  down  the  di- 
vifion  d,  and  over  the  pulley  I,  runs  along 
the  bracket  L,  and  goes  out  behind  the 
partition  M. 

Take  three  cards  from  a piquet  pack, 
and  place  one  of  them  in  each  of  the  di- 
vifions e,  f g,  making  the  filk  thread  or 
line  go  under  each  of  them.  In  the  di- 
vifion  c,  put  the  pack  of  cards  from  which 
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you  have  taken  the  three  cards  that  are  in 
the  other  divifion. 

Then  take  another  pack  of  cards,  at  the 
top  of  which  are  to  .be  three  cards  of  the 
fame  fort  with  thofe  in  the  three  fmalldi- 
vifions,  and  making  the  pafs,  bring  them 
to  the  middle  of  the  pack,  and  let  thembe 
drawn  by  three  different  perfons.  Then 
give  them  all  the  cards  to  fhuffle,  after 
which  place  the  pack  in  the  divifion  d,  and 
tell  the  partiesthey  fhall  fee  the  three  cards 
they  drew  come,  at  their  command,  fepa- 
rately  out  of  the  vafe. 

An  Affiftant  behind  the  partition  then 
drawing  the  line,  with  a gentle  and  equal 
motion,  the  three  cards  will  gradually  rife 
out  of  the  vafe.  Then  take  the  cards  out 
of  the  divifion  c,  and  fhow  that  thofe 
three  cards  are  gone  from  the  pack. 

The  vafe  muft  be  placed  fo  high  that 
the  infide  cannot  be  feen  by  the  company. 

T 2 You 
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You  may  perform  this  Recreation  alfo 
without  an  affiftant,  by  fixing  a weight  to 
the  end  of  the  filk  line,  which  is  to  be 
placed  on  a fupport,  and  let  down  atfplea- 
fure,  by  means  of  a fpring  in  the  partition. 

RECREATION  CXI. 

T^he  divinating  perfpeStive  glafs. 

LET  a fmall  perfpedive  glafs  be  made, 
that  is  wide  enough  at  the  end  where 
the  objed-glafs  is  placed,  to  hold  a table 
fimilar  to  the  following. 


1.131 

10.. 132 

133 

2.231 

1 1. .232 

20.233 

3-33' 1 

*2-332 

21 -333 

4.121 

13..  122 

22.123 

5.221 

14. .222 

23.223 

6.321 

*5-322 

24-323 

7. 1 1 1 

l6..  I 12 

25-TI3 

8.2 1 1 

17. .2  12 

26.2 13 

9-31 1 

18. .312 

27  3!3 

Take 


I OJj  .T\./t:27<? 


Pilate  m 


F/2/./  .?i235. 
bottom 

* Thumb 

3 

4 

tittle /mye? • 


Ft}/.  2 .ft 235. 
B 


Ff.  3 ./*257. 


4 

♦ 4 
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Take  a pack  of  cards  that  confifts  of 
27  only,  and  giving  them  to  a perfon, 
defire  him  to  fix  on  any  one,  then  fhuffie 
them  and  give  the  pack  to  you.  Place 
the  twenty-feven  cards  in  three  heaps,  by 
laying  down  one  alternately  on  each  heap, 
but  before  you  lay  each  card  down  (how  it 
to  the  perfon  without  feeing  it  yourfelf ; 
and  when  the  three  heaps  are  finifhed,  alk 
him  at  what  number,  from  1 to  27,  he  will 
have  his  card  appear,  and  in  which  heap 
it  then  is.  Then  look  at  the  heap  through 
the  glafs,  and  if  thefirftof  the  three  num- 
bers which  (lands  againft  that  number  it 
is  to  appear  at  be  1 , put  that  heap  at  top  ; 
if  the  number  be  2,  put  it  in  the  middle  ; 
and  if  it  be  3,  put  it  at  bottom.  Then  di- 
vide the  cards  into  three  heaps,  in  the 
fame  manner,  a fecond  and  a third  time, 
and  his  card  will  then  be  at  the  number  he 
chofe. 

For  example.  Suppofe  he  defire  that 
his  card  (hall  be  the  20th  from  the  top, 
and  the  firft  time  of  making  the  heaps  he 
T 3 fay 
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fay  it  is  in  the  third  heap ; you  then  look 
at  the  table  in  the  perfpedive,  holding  it 
at  the  fame  time  over  that  heap,  and  you 
fee  that  the  firft  figure  is  2,  you  therefore 
put  that  heap  in  the  middle  of  the  pack. 
The  fecond  and  third  times  you  in  like 
manner  put  the  heap  in  which  he  fays  it 
is,  at  the  bottom,  the  number  each  time 
being  3.  Then  looking  at  the  pack  with 
your  glafs,  as  if  to  difcover  which  the  card 
was,  you  lay  the  cards  down  one  by  one, 
and  the  twentieth  card  will  be  that  he 
fixed  on. 

You  may  fhow  the  perfon  his  card  in 
the  fame  manner,  without  afking  him  at 
what  number  it  fhall  appear,  by  fixing  on 
any  number  yourfelf.  You  may  alfo  per- 
form this  Recreation  with  the  magnetical 
dial  defcribed  in  the  third  volume,  by 
making  the  hand  point  to  any  number, 
from  1 to  27,  at  which  you  intend  the 
card  fhall  he  found. 


The 
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The  foregoing  recreations  with  the  cards 
will  be  found  fufficient  to  explain  all  others 
of  a limilar  nature,  that  have  or  may  be 
made,  the  number  of  which  is  very  great. 
To  perform  thefe  we  have  defcribed  re- 
quires no  great  pradice ; the  two  princi- 
pal points  are,  the  making  the  pafs  in  a 
dextrous  manner,  and  a certain  addrefs 
by  which  you  influence  a perfon  to  draw 
the  card  you  prefent. 


Thofe  recreations  that  are  performed 
by  the  long  card  are,  in  general,  the  moft 
eafy,  but  they  are  confined  to  a pack  of 
cards  that  is  ready  prepared;  whereas, 
thofe  that  depend  on  making  the  pafs, 
may  be  performed  with  any  pack  that  is 
offered. 
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RECREATION  CIII. 

The  burnt  writing  rejtored . 

OVER  the  outfide  of  a fmall  memo- 


random-book  with  black  paper,  and 
in  one  of  its  infide  covers  make  a flap,  to 
open  fecretly,  and  obferve  there  mud  be 
nothing  over  the  flap  but  the  black  paper 
that  covers  the  book. 

Mix  foot  with  black  or  brown  foap,  with 
which  rub  the  fide  of  the  black  paper  next 
the  flap  : then  wipe  it  quite  clean,  fo  that 
a white  paper  prefled  againfl:  it  will  not 
receive  any  mark. 

Provide  a black  lead  pencil  that  will  not 
mark  without  prefling  hard  on  the  paper. 
Have  like  wife  a fmall  box,  about  the  fize 
of  the  memorandum-book,  and  that  opens 
on  both  fides,  but  on  one  of  them  by  a 
private  method.  Give  ^ perfon  the  pencil, 
and  a flip  of  thin  paper,  on  which  he  is  to 
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write  what  he  thinks  proper : you  prefent 
him  the  memorandum-book  at  the  fame 
time,  that  he  may  not  write  on  the  bare 
board.  You  tell  him  to  keep  what  he 
writes  to  himfelf,  and  dired  him  to  bum 
it  on  an  iron  plate  laid  on  a chafingdifh  of 
coals,  and  give  you  the  afhes.  You  then 
go  into  another  room  to  fetch  your  magic 
box,  before  defcribed,  and  take  with  you 
the  memorandum-book. 

Having  previoufly  placed  a paper  under 
the  flap  in  the  cover  of  the  book,  when  he 
prefles  hard  with  the  pencil,  to  write  on 
his  paper,  every  ftroke,  by  means  of  the 
fluff  rubbed  on  the  black  paper,  will  ap- 
pear on  that  under  the  flap.  You  there- 
fore take  it  out,  and  put  it  into  one  fide  of 
the  box. 

You  then  return  to  the  other  room,  and 
taking  a flip  of  blank  paper,  you  put  it 
into  the  other  fide  of  the  box,  ftrewing  the 
afhes  of  the  burnt  parper  over  it.  Then 

fhaking 
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fhaking  the  box  for  a few  moments,  and 
at  the  fame  time  turningit  dextroufly  over, 
you  open  the  other  fide,  andfhewthe  per- 
fon  the  paper  you  firft  put  in,  the  writing 
on  which  he  will  readily  acknowledge  to 
be  his. 

If  there  be  a prefs  or  cupboard  that  com- 
municates with  the  next  room,  as  in  the 
64th  Recreation,  you  need  only  put  the 
book  in  the  prefs,  and  your  affiftant  will 
open  it  and  put  the  paper  in  the  box*  which 
you  prefently  after  take  out,  and  perform 
the  reft  of  the  recreation  as  before. 

There  may  likewife  be  a flap  in  the  other 
cover  of  the  book,  and  you  may  rub  the 
paper  againft  that  with  red  lead.  In  this 
cafe  you  give  the  perfon  the  choice  of 
writing  either  with  a red  or  black  pencil ; 
and  prefent  him  the  proper  fide  of  the  book 
accordingly. 
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RECREATION  CIV. 

The  opaque  box  rendered  transparent . 

"ji  T AKE  a box  of  three  or  four  inches 
long,  and  two  or  three  wide,  and 
have  a fort  of  perfpedive  glafs,  the  bottom 
of  which  is  of  the  fame  fize  wtth  the  box, 
and  Aides  out,  that  you  may  privately 
place  a paper  on  it.  The  fides  of  this 
perfpedive  are  to  be  of  glafs,  covered  on 
the  infide  with  fine  paper. 

Let  a perfon  write  on  a fiip  of  paper, 
putting  your  memorandum  book  under 
it,  as  in  the  laft  Recreation.  Then  give 
him  the  little  box,  and  let  him  put  what 
he  has  wrote  into  it.  In  the  mean  time 
you  put  the  memorandum-book  into  the 
prefs,  where  the  perfpedive  is  already 
placed.  Your  affifiantthen  takes  the  pa- 
per out  of  the  book,  and  puts  it  at  the 
bottom  of  the  perfpedive  ; which  you  pre- 
fently  take  out  of  the  prefs,  and  dired  the 

perfon 
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perfon  to  put  the  little  box,  that  contains 
his  paper,  under  it.  You  then  look  in  at 
the  top  of  the  perfpedive ; and  feigning 
to  fee  through  the  top  of  the  box,  you  read 
what  is  wrote  on  the  paper  at  the  bottom 
of  the  perfpedive. 

W ith  this  perfpedive-box  you  may  per- 
form another  recreation,  which  is,  by  hav- 
ing in  a bag  twelve  or  more  ivory  coun- 
ters, numbered,  which  you  fhow  to  the 
company,  that  they  may  fee  all  the  num- 
bers are  different.  You  tell  a perfon  to 
draw  any  one  of  them,  and  keep  it  clofe 
in  his  hand.  You  then  put  the  bag  in  the 
prefs,  when  your  affiflant  examines  the 
counters,  and  fees  which  is  wanting,  and 
puts  another  of  the  fame  number  at  the 
bottom  of  the  perfpedive,  which  you  then 
take  out ; and  placing  the  perfon’s  hand 
clofe  to  it,  look  in  at  the  top,  and  pre- 
tending to  fee  through  his  hand,  you  name 
the  number  on  the  counter  in  it. 
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RECREATION  CV. 

' The  tranfpofable  pieces . 

AKE  two  guineas  and  two  (hillings* 


^ and  grind  part  of  them  away,  on  one 
fide  only,  fo  that  they  may  be  but  of  half 
the  common  thicknefs ; and  obferve  that 
they  muft  be  quite  thin  at  the  edge  ; then 
rivet  a guinea  and  a (hilling  together. 
Lay  one  of  thefe  double  pieces,  with  the 
(hilling  upwards,  on  the  palm  of  your 
hand,  at  the  bottom  of  your  three  firft 
fingers;  and  lay  the  other  piece,  with  the 
guinea  upward,  in  like  manner,  in  the 
other  hand.  Let  the  company  take  no- 
tice in  which  hand  is  the  guinea,  and  in 
which  the  (hilling.  Then  as  you  (hut 
your  hands,  you  naturally  turn  the  pieces 
over,  and  when  you  open  them  again,  the 
(hilling  and  the  guinea  will  appear  to  have 
changed  their  places. 
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RECREATION  CVL 

‘ The  geometric  money. 


TP\RAW  on  pafteboard  the  following 
redangle  ABCD,  whofe  fide  AC  is 
three  inches,  and  AB  ten  inches. 


Divide  the  longeft  fide  into  ten  equal 
parts,  and  the  fhortefl  into  three  equal 
parts,  and  draw  the  perpendicular  lines, 
as  in  the  figure,  which  will  divide  it  into 
thirty  equal  fquares. 

From  A to  D draw  the  diagonal  A D, 
and  cut  the  figure,  by  that  line,  into  two 
equal  triangles,  and  cut  thofe  triangles  in- 
to two  parts,  in  the  diredion  of  the  lines 
E F and  GH.  You  will  then  have  two 
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triangles,  and  two  four-fided  irregular  fi- 
gures, which  you  are  to  place  together, 
in  the  manner  they  flood  at  firft,  and  in 
each  fquare  you  are  to  draw  the  figure  of 
a piece  of  money ; obferving  to  make  thofe 
in  the  fquares,  through  which  the  line  A D 
paffes,  fomething  imperfed. 


As  the  pieces  ftand  together  in  the  fore- 
going figure,  you  will  count  thirty  pieces 
of  money  only ; but  if  the  two  triangles 
and  the  two  irregular  figures  be  joined 
together,  as  in  the  following  figures,  there 
will  be  thirty-two  pieces. 
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RECREATION  CVII. 

"The  penetrative  guinea . 

PROVIDE  a round  tin  box,  of  the  fize 
of  a large  fnuff-box,  and  in  this 
place  eight  other  boxes,  which  will  go  ea- 
fily  into  each  other,  and  let  the  leaf!:  of 
them  be  of  a fize  to  hold  a guinea.  Each 
of  thefe  boxes  (hould  fhut  with  a hinge, 
and  to  the  leaf!;  of  them  there  muft  be  a 
fmall  lock,  that  is  fattened  with  afpring, 
but  cannot  be  opened  without  a key : and 
obferve  that  all  thefe  boxes  muft  fhut  fo 
freely,  that  they  may  be  all  clofed  at  once. 
Place  thefe  boxes  in  each  other,  with  their 
tops  open,  in  the  drawer  of  the  table  on 
which  you  may  make  your  experiments ; 
or  if  you  pleafe,  in  your  pocket,  in  fuch 
manner  that  they  cannot  be  difplaced. 

Then  afk  a perfon  to  lend  you  a new 
guinea,  and  defire  him  to  mark  it,  that  it 
may  not  be  changed.  You  take  this  piece 

in 
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in  one  hand,  and  in  the  other  you  have 
another  of  the  fame  appearance,  and  put- 
ting your  hand  into  the  drawer  you  flip  the 
piece  that  is  marked  in  the  leaf!  box,  and 
fhutting  them  all  at  once,  you  take  them 
out.  Then  fhowing  the  piece  you  have 
in  your  hand,  and  which  the  company 
fuppole  to  be  the  fame  that  was  marked, 
you  pretend  to  make  it  pafs  through  the 
box  and  dextroufly  convey  it  away. 

You  then  prefent  the  box,  forthefpec- 
tators  do  not  yet  know  there  are  more 
than  one,  to  any  perfon  in  company,  who, 
when  he  opens  it,  finds  another,  and  ano- 
ther, till  he  comes  to  the  laft,  but  that  he 
cannot  open  without  the  key,  which  you 
then  give  him,  and  retiring  to  a diftant 
part  of  the  room,  you  tell  him  to  take 
out  the  guinea  himfelf,  and  fee  if  it  be 
that  he  marked. 

This  recreation  may  be  made  more  fur- 
prifing,  by  putting  the  key  into  thefnuff- 
box  of  one  of  the  company,  which  you 
may  do  by  afking  him  for  a pinch  of  his 
Vol.  IV.  U fnuff. 
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fnuff,  and  at  the  fame  time  conceal  the 
key,  which  muft  be  very  fmall,  among 
the  fnuff  : and  when  the  perfon  who  is  to 
open  the  box  afks  for  the  key,  you  tell 
him  that  one  of  the  company  has  it  in  his 
fnuff-box.  This  part  of  the  recreation 
may  likewife  be  performed  by  means  of 
a confederate* 
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The  refufcitated  flower. 


ROVIDE  a fmall  tin  mortar*  that  is 


x double  as  A,  in  the  following  Fig. 
whofe  bottom  B turns  round  on  an  axis, 
by  means  of  a fpring  which  communicates 
with  the  piece  C.  There  muft  be  a hol- 
low fpace  under  the  falfe  bottom.  To 
the  under  fide  of  the  bottom  fatten,  by  a 
thread  of  fine  filk,  a flower  with  its  ftalk 
and  leaves. 

Then  take  a flower  that  exadly  refera- 
ble s the  other,  and  plucking  it  from  the 
ftalk,  and  all  the  leaves  from  each  other, 


put 
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put  them  into  the  mortar,  and  pound 
them  with  a fmall  peftle ; after  which  you 
fhow  the  mortar  to  the  company,  that 
they  may  fee  the  parts  that  are  all  bruifed. 


Then  taking  the  mortar  up  in  your 
hands,  you  hold  it  over  the  flame  of  a 
lamp  or  candle,  by  whofe  warmth  the 
flower  is  fuppofed  to  be  refiored  5 and  at 
the  fame  time  prefling  the  piece  at  C,  the 
bottom  will  turn  round,  the  bruifed  parts 
defcend  into  the  fpace  under  the  bottom, 
and  the  whole  flower  will  be  at  top  ; you 
then  put  your  hand  into  the  mortar,  and 
eafily  breaking  the  filk  thread,  which  may 
be  very  Ihortas  well  as  fine,  you  take  the 
flower  out  and  prefent  it  to  the  company, 
U 2,  There 
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There  is  an  experiment  fimilar  to  this, 
in  which  a live  bird  is  concealed  at  the 
bottom  of  the  mortar,  and  one  that  is  dead 
is  pounded  in  it ; after  which,  by  the  mo- 
tion of  the  bottom,  the  live  bird  is  fet  at 
liberty.  But  furely  the  pounding  a bird 
in  a mortar,  though  it  be  dead,  muft  pro- 
duce, in  perfons  of  any  delicacy,  more 
difguft  than  recreation. 

AN  ARTIFICIAL  MEMORY. 

HPHE  reader  muft  have  obferved,  that 
^ to  perform  feverai  of  the  recreations 
in  this  book,  it  is  neceffary  to  have  a good 
memory  ; but  as  that  is  a gift  every  one 
has  not  from  nature,  many  methods  have 
been  contrived  to  fupply  that  defed  by 
art  ; the  mo  ft  material  of  which  we 
(hall  here  defcribe. 

An  artificial  memory  refpeds  either  fi- 
gures or  words : for  the  former  let  the  five 
vowels  a , e,  i9o9  u9  reprefent  the  firft  five 
digits  ; the  dipthongs  that  begin  with  the 
firft  four  vowels,  as  au9  ea%  ie?  ou9  repre- 
fent 
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fent  the  remaining  four  digits,  and  let  y 
ftand  for  an  o,  or  cypher.  Let  the  ten  firft 
confonants  alfo  ftand  for  the  nine  digits 
and  the  cypher  ; as  in  the  following  table. 


a 

e 

i 

0 

u 

au 

ea 

ie 

ou 

y 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

b 

c 

d 

f 

S 

h 

k 

l 

m 

n 

Then  to  reprefent  any  number  let  the 
firft  letter  be  a vowel  or  dipthong,  the  fe- 
cond  a confonant,  the  third  a vowel  the 
fourth  a confonant,  ike.  Thus  for  the 
number  1763,  you  write  or  remember  the 
word  akaud.  If  there  are  feveral  fums  to 
be  retained,  you  place  the  words  in  forms 
of  verfes,  which  will  make  them  more 
pleafingto  repeat  and  more  eafy  to  remem- 
ber : for  example,  if  you  would  remem- 
ber the  dates  of  the  acceftion  of  the  family 
of  Stuart  to  the  crown  of  England;  the  pow- 
der plot ; the  decapitation  of  Charles!,  the 
Reftoration  ; the  Revolution  ; the  Union 
of Englandand  Scotland  ; the  acceftion  of 
the  Houfe  of  Hanover  ; and  the  laft  re- 
bellion, which  were  in  1603,  1605,  1649, 
U 3 1660, 
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1660,  1689,  I7°7?  I7I4’  and  1746,  you 
write  as  follows,  for  you  are  to  obferve 
that  in  this,  and  in  fimilar  cafes,  where  the 
firft  figure  is  always  the  fame,  it  is  unne- 
ceffary  to  write  it  after  the  firft  time. 

Ahyd  hyg  horn  haun 
hiem  kyk  kaf  koh. 

This  method  is  rendered  in  fome  in- 
ftances  ftill  more  eafy  by  adding  parts  of 
words  to  dates : thus  to  remember  the 
date  of  the  acceffion  of  the  monarchs 
from  James  I.  to  the  prefect  king,  you 
may  write  as  follows,  omitting  the  letter 
that  would  ftand  for  one  thoufand. 

Jam/iyd  Char  beg  Char  hom  Jam  Meg 

Will  hiem  An  Jtyc  GeorkafSeckek  Thi  kaun 

When  feveral  cyphers  come  together, 
infteadof  repeating y or  n,  you  may  write 
y or  n 2,  3,  &c.  Thus  for  3400  write 
ify2,  and  for  256000  write  ehun^. 

To  remember  any  number  of  words,  fe- 
left  the  initial  letters  of  thofe  words,  and 

to 
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to  the  firft  add  a if  it  begin  with  a confo- 
nant,  or  b if  it  begin  with  a vowel.  In 
like  manner  add  e or  c to  the  fecond  ini- 
tial letter  ; to  the  third  add  i or  d ; to  the 
fourth  0 or/;  and  to  the  fifth  u or  g.  So 
that  of  the  five  initials  you  make  five  fyl- 
lables,  which  are  joined  together  in  one 
word.  Then  of  the  next  five  initials  you 
make,  in  the  fame  manner,  another  word, 
and  of  every  two  words  you  make  a verfe. 
For  example,  fuppofe  you  would  remem- 
ber the  names  of  all  the  kings  fince  the 
Conqueft,  in  the  order  in  which  they 
reigned,  you  then  write  as  follows. 

W awehifohu  Rsj  ehiefeg 
Ebrehihohu  Efcecnhohw 

Ebmeedjoati  Cajewiafgu  Gage 

Or  if  you  would  remember  the  letters 
that  begin  any  number  of  verfes,  fuppofe 
the  twenty-firft  lines  of  Pope’s  Effay  on 
Man,  you  write  as  follows. 

Abtelitoeg  Abzcodtotu 

Taocedaflu  BaiewiofEu, 

U 4 
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The  barometer  p.  18 

Rules  for  predicting  the  weather  by  the 
barometer  2 21 

RECREATION  L p.  25, 

‘ The  bottles  broke  by  air . 

A bottle  is  placed  over  the  hole  in  the 
plate  of  the  air  pump,  and  the  internal 
air  being  exhaufted  the  bottle  is  broke 
by  the  weight  of  the  external  air.  The 
fame  effed  is  produced  by  the  fpring  of 
the  air  in  the  bottle,  when  the  weight 
of  the  external  air  is  taken  off.  A per- 
fon’s  hand,  when  laid  on  the  mouth  of 
the  receiver,  is  preffed  by  a great  weight. 

. \ v.  ^ \ \ 

RECREATION  II.  p.  27 

The  hrafs  hemifpheres. 

Thefe  hemifpheres  being  placed  clofe  to- 
gether, and  the  air  exhaufted  from 
them,  a force  equal  to  one  hundred 
and  eighty-feven  pounds  is  required  to 
feparate  them. 
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RECREATION  III.  p.  28 

Water  boiled  by  air . 

A veffel  with  hot  water  is  placed  in  the  re- 
ceiver, and  the  air  being  exhaufted  the 
water  boils  with  great  rapidity. 

RECREATION  IV.  p.  29 

c. The  aerial  bubbles. 

A piece  of  ftone  or  iron  being  put  in  a 
veffel  of  water  placed  in  the  receiver, 
and  the  air  exhaufted,  a great  number 
of  bubbles,  refembling  drops  of  dew, 
rife  on  the  furface  of  the  body  in  the 
water. 

RECREATION  V.  p.  29 

The  floating  Jlone. 

A piece  of  cork  is  tied  to  a ftone  that  will 
juft  fink  it,  in  a veffel  of  water  placed  in 

the 
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the  receiver,  and  the  air  is  exhaufted, 
when  the  ftone  and  cork  float  on  the 
furface  of  the  water. 

RECREATION  VL  p.  30 

Hie  withered  fruit  rejtored . 

A fhrivelled  apple  being  placed  in  the  re- 
ceiver, and  the  air  exhaufted,  it  is 
plumed  up,  and  looks  as  fair  as  when 
firft  gathered. 

RECREATION  VII.  p.  31 

like  vegetable  air  bubbles . 

Part  of  a plant  is  put  in  a veffel  of  wa4e.r 
placed  in  the  receiver  : when  the  air 
is  exhaufted  that  in  the  plant  arifes 
from  the  extremities  of  all  its  veffels, 
and  prefents  a beautiful  appearance. 
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RECREATION  VIII.  p.  33 

l ' 

The  mercurial  rod . 

A piece  of  ftick  is  put  in  a veffel  of  mer- 
cury, in  the  receiver,  and  the  air  ex- 
haufted  ; when  it  is  let  in  again  it  forces 
the  mercury  into  the  ftick,  which  is 
then  feveral  times  heavier  than  before, 
and  when  cut  the  mercury  glitters  in 
every  part. 

RECREATION  IX.  p.  33 

The  myjlical  hell 

A wire  that  is  fattened  to  a bell  in  the  re- 
ceived goes  through  the  top  of  it  ; when 
the  air  is  exhaufted  and  the  bell  fhook 
by  the  wire,  no  found  is  heard  ; but  as 
the  air  is  let  in  again  the  found  be- 
comes continually  more  audible. 
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RECREATION  X.  p.  33 

Feathers  heavier  than  air. 

A piece  of  lead  is  hung  to  one  end  of  a ba- 
lance, and  as  many  feathers  to  the  other 
end  as  will  keep  the  balance  in  equili- 
brio  ; but  when  it  is  put  in  the  re- 
ceiver, and  the  air  exhaufted,  the  fea- 
thers will  preponderate. 

RECREATION  XL  p,  35 

4 The  felf-moving  wheel . 

A wheel  with  fmall  vanes  is  placed  in  the 
receiver,  and  the  air  exhaufted ; when 
it  is  let  in  again,  by  a fmall  cock,  it 
rufhes  againft  the  vanes  and  puts  the 
wheel  in  motion.  If  the  pump  be  con- 
tiiluaJly  worked,  the  motion  of  the 
wheel  will  be  perpetual,  without  any 
apparent  mover- 
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RECREATION  XII.  p.  36 

The  animated  figures . 

Several  perpendicular  cylinders  are  fixed 
in  a circular  frame  ; in  each  cylinder  is 
placed  the  figure  of  an  animal,  under 
which  is  a piflon,  and  under  that  a 
fpring ; and  at  the  bottom  of  the  cylin- 
der is  a fmall  hole.  When  this  machine 
is  placed  in  the  receiver  and  the  air 
exhaufied,  the  figures  all  rife  up  out  ofi 
the  cylinders  ; and  when  the  air  is  let 
in  again  they  all  retire  to  their  feveral 
apartments. 

RECREATION  XIII.  p.  38 
The  artificial  halo . 

A candle  is  placed  on  one  fide  of  a re- 
ceiver, and  a fpedator  on  the  other ; as 
the  air  is  exhaufied  the  light  of  the  can- 
dle is  refraded  into  circles  of  various 
colours,  like  thoije  of  a halo. 
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RECREATION  XIV.  p.  39 

'he  mercurial  Jhower . 

A piece  of  wood  is  cemented  to  the  top 
of  the  receiver,  and  mercury  poured 
over  it.  The  preffure  of  the  air,  as 
the  receiver  is  exhaufted,  forces  the 
mercury  through  the  wood  in  the  form 
of  a fhower,  that  is  fometimes  luminous 
in  the  dark. 

RECREATION  XV.  p.  39 

"The  fountain  in  vacuo. 

A tube  that  is  hermetically  fealed  at  one 
end,  and  clofed  by  a ftop-cock  at  the 
other,  is  placed  on  the  receiver,  and 
when  the  air  is  exhaufted  from  the 
tube  it  is  immerfed  in  water,  which 
will  then  play  up  in  the  tube,  in  the 
form  of  a fountain. 
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RECREATION  XVI.  p.  40 

The  air-gun. 

The  air-gun  confifts  of  two  barrels  (Plate 
III.  Fig.  1.)  and  a fyringe  that  con- 
denfes  the  air  between  the  barrels. 
Near  the  Rock  of  the  guri  is  a valve  and 
a trigger,  by  which  the  air  is  admitted 
behind  the  ball  and  forces  it  out.  Some 
air-guns  contain  feveral  balls,  which 
they  difcharge  fucceffively. 

RECREATION  XVII.  p.  42 

Artificial  rain  and  hail . 

In  a hollow  cylinder  (PI.  III.  Fig.  3.)  that 
has  five  oblique  partitions,  and  a fmall 
hole  in  each  of  them,  is  placed  a quan- 
tity of  lead  fhot,  and  when  the  cylinder 
is  turned  round,  the  found  of  the  fhot, 
in  paffing  through  the  partitions,  re- 
fembles  that  of  rain  or  hail,  according 
to  the  fize  of  the  fhot. 
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RECREATION  XVIII.  p.  43 

'The  magical  flowers  and  fruit. 

The  Item  of  an  artificial  orange  tree,  that 
is  hollow,  (PL  III.  Fig.  4.)  is  placed  in 
a copper  veffel,  in  which  there  is  a 
quantity  of  condenfed  air,  and  when  a 
cock  is  turned,  the  air  rufhing  up  the 
tree,  forces  out  the  artificial  fruit  con- 
cealed in  the  end  of  the  branches. 

HYDROLOGY. 

DEFINITIONS  page  51 

APHORISMS  5 2 

The  properties  of  water,  aph.  1 to  6.- — 
The  laws  of  fluids  in  general,  aph.  7 
to  12. — Properties  of  folid  bodies  im- 
merfed  in  fluids,  aph.  13  to  16.. 

THE  HYDROLOGIC  APPARATUS. 

Properties  of  the  fyphon  58 

The  feveral  forts  of  pumps  6 1 
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The  hydrometer  p.  66 

The  hydroftatic  balance  73 

The  fcrew  of  Archimedes  79 

The  balance  pumps  81 

The  hydraulic  fcoop  82 


RECREATION  XIX.  p.  84 

' The  hydroftatic  bellows . 

Two  circular  horizontal  boards  (PL  VI. 
Fig  5.)  are  joined  by  leathers,  and 
in  the  upper  board  is  fixed  a perpendi- 
cular brafs  pipe.  If  a man  ftanding  on 
the  board,  blow  into  the  tube,  he  will 
raife  himfelf  up,  or  if  water  be  poured 
in,  a large  weight  will  be  railed. 

RECREATION  XX.  p.  85 

cThe  water-clock. 

A glafs  cylinder  (PL  VII.  Fig.  1.)  has  a 
fmall  hole  at  the  bottom,  by  which 
water  drops  out.  On  the  furface  of  the 
X 2 water 
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water  floats  a glafs  tube,  whofe  neck  is 
confined  by  the  cover  of  the  cylinder, 
and  as  it  defcends  (hows  the  hour,  by  a 
fcale  marked  on  it. 

RECREATION  XXL  p.  88 

The  globular  fountain. 

Over  the  jet  of  a fountain  is  placed  a 
pipe,  and  at  the  end  of  that  a hollow 
globe,  in  which  a number  of  Imall  holes 
are  made  : the  water  of  the  fountain 
rufhing  up  the  pipe  enters  the  globe, 
and  being  forced  out  of  its  holes  forms 
a fphere  of  water. 

RECREATION  XXII.  p.  89 

The  hydraulic  dancer. 

A fmall  figure  of  a man  (PI.  VII.  Fig.  2.) 
is  made  of  cork,  and  within  it  is  placed 
a cone  of  leaf  brafs  : this  figure  being 
placed  on  the  top  of  a jet  will  remain 
fufpended,  and  perform  a variety  of 

motions 
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motions.  A fimilar  experiment  is  made 
with  a light  ball  of  copper,  Fig.  3. 

RECREATION  XXIII.  p.  90 

The  hemijphefical  cafcade. 

To  the  top  of  a jet  is  fcrewed  a pipe  that 
enters  the  bottom  of  an  inverted  cone 
(Plate  VII.  Fig.  5.)  the  water  from  the 
pipe  falling  into  the  cone  runs  over 
it  in  form  of  a hemifpherical  cafcade. 
If  this  fountain  be  reverfed,  it  will 
have  the  form  of  a vafe,  Fig.  6. 

RECREATION  XXIV.  p.  91 

The  water  fun. 

Two  fmall  portions  of  a fphere  (PI.  VII. 
Fig.  7.)  are  joined  together,  and  fixed 
to  a pipe  from  whence  a jet  flows  : 
near  that  part  where  the  portions  of  the 
fpheres  join,  are  a number  of  holes  ; 
and  the  water  rufhing  violently  into  the 
X 3 cavity 


CONTENTS. 


3 10 

cavity  is  forced  out  of  the  holes,  in  the 
figure  of  the  fun.  Several  pieces  of 
this  fort  maybe  placed  over  each  other, 
and  the  fame  pipe  may  fupply  them  all, 
as  in  Fig,  8. 

RECREATION  XXV.  p.  92 

The  royolving  water-fun . 

A number  of  final!  tubes  are  fixed  in  the 
fide  of  a hollow  circle,  (Plate  VIII. 
Fig.  i.)  which  is  placed  over  a jet,  in 
fuch  manner  that  it  will  turn  freely 
round.  The  water  ruffling  into  the 
hollow  circle  keeps  it  in  continual  mo- 
tion, and  at  the  fame  time  forcing  out 
of  the  tubes,  forms  the  figure  of  a re- 
volving fun. 

RECREATION  XXVI.  p.  93 

The  phial  of  the  four  elements . 

Glafs,  finely  powdered,  oil  of  tartar,  tinc- 
ture of  fait  of  tartar,  and  diftilled  rock 

oil, 
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oil,  are  put  into  a phial,  and  fhook  to- 
gether ; after  a fhort  time  they  fepa- 
rate,  and  each  affumes  its  place,  accord- 
ing to  its  fpecific  gravity  : the  glafs  at 
bottom  reprefenting  the  earth,  the  oil 
of  tartar  the  water,  the  tindure  the  air, 
and  the  rock  oil,  which  mounts  to  the 
top,  the  element  of  fire. 

RECREATION  XXVII.  p.  94 

t 

\ The  magic  bottle. 

A bottle  with  a very  fmall  neck,  being 
filled  with  wine,  and  placed  in  a veffel 
of  water,  (Plate  VIII.  Fig.  2.)  the  wine 
will  come  out  of  the  bottle  and  float  on 
the  furface  of  the  water,  which  will 
defcend  and  fill  the  bottle.  A fimilar 
effed  is  produced  by  filling  the  bottle 
with  water,  and  placing  it,  with  the 
mouth  downward,  in  a veffel  of  wine. 
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RECREATION  XXVIII.  p.  9S 


The  compound  jet  dUeau . 


A tube  with  a very  fmall  orifice  is  inferted 
in  the  neck  of  a copper  veffel,  (PI.  VIII. 
Fig.  6 .)  in  which  there  is  a cock.  Air 
is  fir  ft  injeded  by  a fyringe,  and  then 
water,  and  the  cock  is  turned.  This 
veffel  contains  an  extempore  jet  d5eau  ; 
for  whenever  the  cocL  is  opened,  the 
water  rufhes  out  with  great  violence. 


RECREATION  XXIX.  p.98 

The  marvellous  vejjel. 

At  the  bottom  of  a tin  veffel,  that  has  a 
narrow  mouth,  there  are  a great  num- 
ber of  very  fmall  holes.  This  veffel 
is  plunged  in  water,  and  corked  when 
it  is  full,  and  as  long  as  it  remains  fo 
no  water  will  come  out,  but  when  it  is 
uncorked  the  water  will  run  out  of  the 

holes 
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holes  at  the  bottom  of  the  veffel.  An 
experiment  on  the  fame  principle,  by 
placing  a paper  over  a glafs  filled  with 
water,  then  inverting  the  glafs  and 
drawing  the  paper  away  ; when  the 
water  will  remain  fufpended  in  the 
glafs. 

RECREATION  XXX.  p.  99 

T’he  circulating  fountain. 

This  fountain  has  two  boxes,  the  upper- 
mo  ft  of  which  is  fupported  by  two  hol- 
low pillars  (Plate  VIII.  Fig.  5.)  And 
on  that  box  is  placed  a bafon,  into 
which  water  being  poured,  it  runs  down 
one  of  the  pillars,  into  the  lower  box, 
and  driving  the  air  up  the  other  pillar, 
into  the  upper  box,  forces  the  water  up 
a pipe  and  forms  a fountain.  The  wa- 
ter falling  into  the  bafon, defcends  by  the 
pillar,  in  the  fame  manner  as  before,  and 
making  a frefti  impulfe  on  the  water  in 
the  upper  bafon,  by  forcing  the  air  up 

the 
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the  other  pillar,  the  fountain  is  kept 
continually  playing,  as  long  as  any  wa- 
ter remains  in  the  upper  box. 

N 'V  ' O* 

RECREATION  XXXI.  p.  102 

The  magical  cafcade. 

In  a tin  veffel,  (Plato  VIII.  Fig.  4.)  water 
is  poured,  and  in  the  center  of  it  is  fixed 
a pipe;  whofe  upper  end  is  above  the 
water  in  the  veffel : to  this  pipe  are 
joined  four  arms,  by  which  it  is  fup- 
ported  over  a bafon,  at  the  center  of 
which  is  a fmall  hole.  At  the  bottom 
of  the  veffel  are  feveral  fmall  tubes,  by 
which  the  water  runs  into  the  bafon  ; 
but  when  it  rifes  above  the  lower  end  of 
the  pipe  in  the  centre  of  the  veffel,  the 
circulation  of  the  air  being  flopped, 
the  tubes  ceafe  to  flow.  Whenfo  much 
of  the  water  is  run  out  of  the  bafon  as 
to  admit  the  air  to  enter  the  pipe,  the 
tubes  flow  again  : and  thus  they  alter- 
nately 
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nately  flow  and  flop,  as  long  as  any 
water  remains  in  the  veffel. 

RECREATION  XXXII.  p.  104 

The  illuminated  fountain. 

This  fountain  is  formed  by  two  cylin- 
drical veffels  that  are  conneded  by  four 
pipes,  (Plate  VIII.  Fig.  7.)  On  the 
lower  veffel  is  placed  a bafon,  from 
which  goes  a tube,  that  reaches  almoft 
to  the  bottom  of  ’ the  veffel,  and  by 
which  water  is  poured  into  it.  To  each 
of  the  pipes  a candleftick  is  joined,  and 
when  the  candles  are  lighted,  the  air  in 
the  pipes  being  tariffed,  that  in  the  up- 
per veffel  rufhes  dowui  the  pipes,  and 
preffing  on  the  water  in  the  lower  vef- 
fel, makes  it  rife  out  of  the  tube,  in 
form  of  a fountain  : but  when  the  can- 
dles are  extinguiffied,  and  the  circula- 
tion of  the  air  flopped,  the  fountain  no 
longer  plays. 
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R E CREATION  XXXIII.  p.  105 

c The  folar  fountain. 

A globe  of  thin  copper,  half  filled  with 
water,  is  placed  on  a frame  (Plate  VIII. 
Kg.  8.)  There  is  a communication 
between  the  lower  part  of  the  globe, 
and  a pipe  placed  in  a bafon  at  the  bot- 
tom of  the  frame,  by  one  of  the  legs, 
which  is  hollow.  Near  the  pipe  in  the 
bafon  is  a cock,  by  which  the  commu- 
nication may  be  flopped.  When  the 
fun  fiiiries  on  the  globe  the  air  within 
it  being  ratified,  preffes  on  the  water, 
and  forcing  it  down  the  leg  of  the  frame 
opens  a valve  at  the  bottom,  and  the 
water  rifes  out  of  the  pipe  in  the  ba- 
fon, in  form  of  a fountain.  At  night 
the  cold  air  pr effing  on  the  adjutage 
fhuts  the  valve,  and  flops  the  fountain  ; 
and  at  the  fame  time  prefling  on  the 
water  in  the  bafon,  forces  it  back  into 

the 
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the  globe,  fo  as  to  fill  it  to  the  fame 
height  as  before. 

RECREATION  XXXIV.  p.  108 
The  cup  of  Tantalus. 

In  a tall  narrow  cup  (Plate  IX.  Fig.  i.) 
is  placed  an  image,  in  which  is  con- 
cealed  a fyphon,  that  beginning  at  one 
foot  rifes  to  the  upper  part  of  the 
breaft,  and  from  thence  defcending 
through  the  other  foot,  on  which  the 
image  Rands,  goes  out  at  the  bottom  of 
the  cup.  Therefore,  when  the  liquor 
poured  into  this  cup  rifes  to  the  chin 
of  the  image,  it  begins  to  run  out. 

/ 

RECREATION  XXXV,  p.  no 

The  fea  gage.  , 

Thisinftrument  confiftsof  a hollow  globe, 
(Plate  IX.  Fig.  2,  and  3,)  to  which  is 

fixed 
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fixed  a tube,  that  is  immerfed  in  a vef- 
fel  of  mercury,  on  which  floats  a fur- 
face  of  treacle  ; and  to  the  bottom  is 
hung  a weight,  fufficient  to  fink  the 
whole  machine.  While  this  inftru- 
ment  is  finking  the  water  will  force  the 
mercury  and  treacle  up  the  tube,  ac- 
cording to  the  depth  it  has  defcended, 
and  the  mark  of  the  treacle  on  the 
tube  {hows  to  what  height  it  has  been 
forced.  When  the  machine  comes  to 
the  bottom,  the  weight  ftriking  againft 
the  ground  is  difengaged,  by  means  of 
a catch  and  a fpring,  and  the  other 
parts  of  the  machine  rife  to  the  furface 
of  the  water.  By  the  addition  of  the 
ball  and  tube,  Fig.  3,  the  fea  may  be 
founded  to  the  depth  of  13200  feet, 
that  is,  two  miles  and  a half,  p.  1 14. 
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RECREATION  XXXVI.  p.115 

The  diving  bell. 

This  machine  is  in  form  of  a bell,  (Plate 
IX.  Fig.  4.)  and  is  coated  with  lead. 
In  the  top  is  fixed  a glafs,  to  let  in  the 
light  and  a code  to  let  out  the  foul  air. 
Near  the  bottom  is  a circular  feat  for 
the  divers  to  fit  on.  This  bell  is  fup- 
plied  with  air  by  two  barrels,  that  are 
let  down  and  drawn  up  alternately  : and 
it  is  fo  light  in  fair  weather,  that  the 
divers  can  fee  to  read  diftindly. 
This  machine  is  let  down  from  thefhip 
by  a fprit  fattened  to  the  matt-head. 
There  is  a contrivance  to  difpatch  a 
diver  to  the  diftance  of  ahundred  yards, 
p;  120.  Conftruftion  of  a different 
machine  for  a fingle  perfon,  Fig.  5. 
p.  123. 
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PYROTECHNICS. 

DEFINITIONS  p.  127 

APHORISM  S 129 

Abfolute  and  relative  heat,  aph.  1 to  3.— 
The  effedsof  fire  on  other  bodies,  aph. 
4 to  9. — -Other  properties  of  fire,  aph, 
10  to  12. 

RECREATION  XXXVII.  p.  133 

cfhe  inflammable  phofphorus.. 

The  meal  of  any  vegetable  is  .put  into  an 
iron  pan,  where  it  is  heated  till  it  be- 
comes a black  powder.  To  one  part  of 
this  powder  are  added  four  parts  of 
alum,  and  the  whole  put  into  a phial, 
and  placed  in  a fand  heat,  and  gradually 
raifed  till  the  glafs  and  matter  is  red 
hot ; the  neck  of  the  phial  is  then  clofed 
with  wax.  A fmall  quantity  of  this  pow- 
der being  fhook  out,  immediately  takes 
fire  and  burns.  This  phofporus  will 

retain 
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retain  its  virtue,  if  it  be  kept  from 
the  air,  for  three  months. 

RECREATION  XXXVIII.  p.  136 

" t \ 

The  liquid  phofphorus. 

A fmall  piece  of  common  phofphorus  is 
boiled  in  water,  and  the  mixture  is  put 
in  a phial,  which  is  fealed  up.  This 
mixture  fhines  in  the  dark  for  feveral 
months,  when  the  phial  is  fhook.  Pleaf- 
ing  recreations  to  be  made  with  this 
phofphorus,  p.  137. 

RECREATION  XXXIX.  p.  137 

The  fulminating  gold. 

To  a diffolution  of  gold  in  aqua  regia 
common  water  is  added,  and  to  that 
mixture,  the  fpirit  of  fal  ammoniac : 
the  gold  that  precipitates  is  taken  out 
and  dried.  A grain  of  this  powder  put 
in  a fpoon,  over  a candle,  will  go  off 
with  a loud  report. 
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RECREATION  XL.  p.  138 

The  burning  fountain. 

An  eolipile,  containing  fpirits  of  wine,  is 
placed  in  a veffel  of  boiling  water,  (Plate 
X.  Fig.  11.)  To  the  eolipile  is  joined  a 
a pipe  whofe  orifice  is  extremely  fmall. 
The  fpirit  is  forced  out  of  the  eolipile 
by  the  heat  of  the  water,  and  when  a 
candle  is  brought  near  the  veffel,  the 
fpirit  takes  fire,  and  continues  to  burn, 
for  fome  time.  This  phenomenon  im- 
proved by  lifting  over  it  The  filings  of 
iron,  p,  140. 

RECREATION  XLI.  p.  140 

Prince  Rupert's  drop. 

A fmall  quantity  of  melted  glafs  is  dropped 
into  water,  where  it  affumes  the  form 
of  a drop,  with  a fmall  tail  ; and  when 
that  tail  is  broke  the  whole  drop  burfts 

with 
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with  violence  into  a fine  powder.  Con- 
jecture on  the  caufe  of  this  phenome- 
non, p.  141- 

RE  -CREATION  XLII.  p.  142. 

The  revivified  rofe . 

A faded  rofe  is  held  over  the  fumes  of  ful- 
phur,  when  it  becomes  quite  white  : it 
is  then  dipped  in  wTater,  and  after  five 
or  fix  hours  it  becomes  quite  red. 

RECREATION  XLIII.  p.  143 

Writing  on  glafs  by  the  rays  of  the  fun. 

In  a glafs  decanter,  well  flopped,  that 
contains  a diffolution  of  chalk  in  aqua 
fortis,  is  put  a diffolution  of  filver. 
On  the  decanter  is  palled  a paper,  from 
which  letters  are  cut  out,  and  when  it 
is  fet  in  the  fun  the  parts  on  the  glafs 
that  form  the  letters  turn  black. 

Y2 
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RECREATION  XLIV.  p.144 


The  magic  pitture. 

* 

Between  two  pieces  of  glafs  placed  at 
one-twentieth  of  an  inch  from  each 
other,  a diftillation  of  hog’s  lard  and 
white  wax  is  poured.  A coloured  print 
is  parted  with  its  face  to  one  of  the 
glaffes,  and  the  whole  is  put  in  a frame. 
When  the  mixture  is  cold  the  print  is 
invifible,  but  when  the  glaffes  are  heat- 
ed the  print  appears  as  if  there  was 
only  one  glafs  before  it. 

RECREATION  XLV.  p.  146 
The  luminous  oracle . 

In  the  front  of  an  upright  tin  box,  (PL 
XII.  Fig.  1.)  is  a fmall  fquare  hole,  and 
in  the  back  is  a door  by  which  candles 
are  put  in.  In  the  two  tides  are  grooves, 
in  which  Aide  a double  glafs  prepared 


as 
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as  in  the  laft  recreation  : behind  this 
glafs  is  pafted  a black  paper,  from  which 
letters  are  cut  out,  that  anfwer  ques- 
tions wrote  on  cards.  When  a part 
of  the  glafs  that  contains  a particular 
anfwer  is  drawn  up,  before  the  hole, 
the  heat  of  the  candles  makes  the  let- 
ters become  vifible. 

RECREATION  XLVI.  p.  149 

To  produce  the  appearance  of  a flower  from, 
its  afhes. 

In  the  front  of  a tin  box,  (PI.  XII.  Fig.  4) 
is  a glafs ; behind  it  is  a Small  tin  tube, 
in  which  a flower  is  placed,  and  behind 
that  a double  glafs,  prepared  as  in  the 
44th  Recreation.  You  prefent  a flower, 
Similar  to  that  in  the  tube,  toaperfon, 
which  he  throws  on  a chafingdifh  of 
hot  coals  ; you  then  place  the  chafing- 
difh under  the  box,  and  the  heat  makes 
the  flower  in  the  tube  gradually  vifible. 
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RECREATION  XLVII.  p.  151 

! To  produce  fire  by  the  mixture  of  two  cold 
liquors. 

An  equal  quantity  of  the  diftilled  oil  of 
cloves  or  turpentine,  and  of  Glauber’s 
fpirit  of  nitre,  made  as  here  defcribed, 
are  put  together  in  a glafs  veffel,  and 
the  mixture  immediately  takes  fire  and 
burns  away. 

RECREATION  XLVIIL  p.152 

Artificial  lightning . 

Powder  of  refin  is  put  in  a tin  tube  that  has 
holes  on  one  fide,  by  which  the  powder 
is  fhook  over  the  flame  of  a torch,  when 
it  produces  a corufcation  that  ftrongly 
refembles  lightning. 
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RECREATION  XLIX.  p.  153 

Artificial  thunder . 

An  ounce  of  oil  of  vitriol  and  two  drams 
of  iron  filings  are  fhookin  aftrong  bot- 
tle, and  when  a lighted  candle  is 
brought  near  the  mouth  of  the  bottle, 
an  inflammation  and  a loud  noife  pre- 
fently  enfue.  A fimilar  explofion  pro- 
duced by  putting  a certain  quantity  of 
the  mixture  of  three  parts  of  nitre,  two 
of  fait  of  tartar,  and  two  of  fulphur,  in 
an  iron  fhovel  over  a coal  fire. 

RECREATION  L.  p.  155 

The  predicted  earthquake  and  volcano. 

Equal  quantities  of  iron  filings  and  ful- 
phur are  ground  together  : about  fifty 
pounds  of  this  powder  is  wrought  up 
with  water  into  a fliff  pafte,  and  buried 
a foot  under  the  earth.  In  about  eight 
Y 4 hours 
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hours  the  ground  will  have,  emit  ful- 
phureous  fleams,  and  at  laft,  burfting 
into  flames,  form  a true  volcano. 

RECREATION  LI.  p.  158 

"To  imitate  a jet  defeu , column , globe,  or  py- 
ramid of  fire . 

In  a black  or  deep  blue  paper  are  made 
a number  of  cuts  with  the  end  of  a pen- 
knife, and  holes  with  a piercer,  that  all 
run  in  ftraight  lines,  as  in  plate  X.  Fig. 
1 , and  2 : behind  the  paper  is  placed  a 
ftrong  light,  by  which  the  figures  ap- 
pear as  bright  illuminations.  To  give 
thefe  pieces  motion,  they  muftbe  placed 
on  a wheel  of  thin  wire,  adapted  to  their 
figures,  as  that  of  Fig.  7,  to  the  pieces 
5 and  6 ; to  thefe  wheels  any  degree  of 
velocity  may  be  given.  To  reprefen t 
pieces  that  flow  from  the  circumference 
to  the  center,  and  at  the  fame  time  others 
that  flow  from  the  center  to  the  circum- 
ference, as  in  Fig.  g,  a double  fpiral 

wheel, 
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wheel,  as  Fig.  io,  muft  be  placed  be* 
hind  the  other.  When  thefe  pieces 
are  of  a fmall  fize,  they  fhouldbe  placed 
in  a box,  that  no  light  may  appear, 
but  what  comes  through  the  paper. 

R E C R E A T I O N LII.  p.  1 66 

To  reprefent  cafcades  of  fire. 

The  paper  to  reprefent  a cafcade  is  wound 
upon  a roller,  as  Plate  XI.  Fig.  3,  and 
as  the  handle  is  turned,  and  the  paper 
gradually  defcends,  it  reprefents  a cas- 
cade of  fire.  A cafcade  may  be  alfo  re- 
prefented  by  a fpiral,  as  in  Fig.  4. 

RECREATION  LXII.  p.  169 

Imitative  illuminations. 

Thefe  illuminations  differ  from  the  pre- 
ceding, in  having  figures  of  architecture, 
kc.  drawn  on  the  four  part  of  the  pa- 
per, and  thofe  parts  only  where  the 
lamps  are  to  appear,  cut,  or  pierced. 

They 
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They  are  placed  in  a box,  with  a very 
ftrong  light  behind ; and  a faint  light 
before  them,  to  make  the  drawing  on 
the  front  of  the  paper  vifible.  The 
light  of  all  thefe  illuminations  fhouldbe 
of  different  colours,  according  to  the 
pieces  they  are  to  reprefent,  and  which 
is  to  be  effeded  by  patting  a very  thin 
paper,  tinged  with  a particular  colour, 
over  the  parts  cut  out. 

APPENDIX. 

RECREATION  LIV.  p.175 

Chymkal  tranf colourations. 

Antimony  and  mercury,  by  different  pre- 
parations, produce  almoft  all  the  co- 
lours of  nature.  A gold  colour  is  made 
by  mixing  a limpid  liquor  with  a grey 
powder,  and  then  changed  to  the  colour 
of  milk  by  being  poured  into  a clean 
glafs,  p.  176.  An  almoft  limpid  li- 
quor turned  blue,  and  made  pel- 
lucid 
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lucid.  Method  of  producing  various 
blues  and  greens,  p.  177. 

RECREATION  LV.  p.  178 

A colourlefs  liquor  is  made  black , by  pouring 
it  into  a clean  glafs. 

An  infufion  of  white  galls  is  poured  into 
a glafs  dipped  into  a folution  of  vi- 
triol. 

RECREATION  LVI.  p.  178 

A pellucid  liquor  is  turned  black , by  adding  to 
it  a white  powder . 

The  fame  done  by  a pellucid  drop,  or  by 
the  addition  of  yellow  or  red  powder, 
or  by  a drop  of  gold  coloured  liquor, 
p.  179. — Method  of  making  any  of 
thefe  black  liquors  pellucid  again,  p. 
180,  and  then  again  black,  &c. 
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RECREATION  LVII.  p.  181 

Different  colours  are  produced  by  pouring  a 
limpid  liquor  into  a clean  glafs. 

A folution  of  mercury  or  filver,  in  fpirit 
of  nitre,  is  poured  into  a glafs  dipped 
in  fpirit  of  fea  fait. 

RECREATION  LVIII.  p.  182 

The  colour  that  appears  and  dif appears  by 
the  influence  of  the  air . 

A blue  tindure  made  of  copper  filing 
dlffoived  in  volatile  fpirit,  difappears 
when  the  bottle  is  flopped,  but  when 
it  is  unftopped,  the  colour  prefently  re- 
turns. 

SYMPATHETIC  INKS;  p.  183 

Thefe  inks  are  of  five  forts ; the  firft  of 
which  are  thofe  that  are  invifible  till 
expofed  to  the  fumes  of  another  liquor. 

Dif- 
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Different  methods  of  making  thefe  inks, 
p.  184.  Method  of  preparing  the  vi- 
vifying liquor  to  make  this  ink  apparent. 

RECREATION  LIX.  p.  189 

The  book  of  fate. 

On  feventy  or  eighty  papers  queftions  are 
wrote,  and  under  them  anfwers  in 
thefe  fympathetic  inks.  Several  of  thefe 
papers  are  chofe  by  different  perfons, 
who  put  them  in  a book  that  has  the 
fame  number  of  leaves,  and  on  which 
the  fame  queftions  are  wrote.  In  the 
eover  of  this  book  is  concealed  a dou- 
ble paper,  dipped  in  the  vivifying  li- 
quor, and  the  book  is  clofed  ; when  the 
vapour  of  the  liquor,  penetrating  the 
leaves,  makes  the  anfwers  on  the  pa- 
pers become  vifible. 
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RECREATION  LX.  p.  191 
< The  marvellous  portrait. 

At  the  bottom  of  a box  (Plate  XII  Fig.  5} 
is  placed  a paper  dipped  in  the  vivify- 
ing liquor,  and  over  it  is  put  a pafte- 
board.  Several  papers  on  which  figures 
are  drawn  with  the  fympathetic  ink,  are 
given  to  a perfon,  and  he  making 
choice  of  one  of  them,  you  tell 
him  it  fhall  fhow  him  the  por- 
trait, and  prefent  the  employment  of 
an  abfent  friend  : then  putting  the 
paper  in  the  box,  and  preffing  it  down 
by  a board  over  it,  after  a few  moments 
you  take  it  out,  and  fhew  him  a figure, 
in  the  employment  you  intended. 

RECREATION  LXL  p.193 

‘ The  artificial  hand , 

A hand  and  arm  of  wood,  conftrufled  me- 
chanically, are  placed  on  a pedefial,  co- 
vered 
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vered  with  green  cloth  (PL  XII.  Fig.  6) 
Between  the  thumb  and  fore-fingers, 
which  are  moveable,  is  placed  a pen, 
and  under  that  part  of  the  cloth  is  put 
a paper  dipped  in  the  vivifying  liquor. 
Several  cards,  on  which  queftions  are 
wrote,  are  given  to  a perfon,  and  he 
choofing  one  of  them,  you  place  a pa- 
per, on  which  the  anfwer  is  wrote  in 
.the  fympathetic  ink,  under  the  pen, 
and  giving  the  arm  a motion,  by  means 
of  an  affifiant  in  an  adjoining  room,  tQ 
the  partition  of  which  the  arm  joins, 
by  the  time  the  pen  has  paffed  over  the 
paper  the  anfwer  will  be  vifible. 

Sympathetic  inks  of  the  fecond  clafs, 
which  are  thofe  that  become  vifible  by 
being  expofed  to  the  air.  Inks  of  this 
kind  made  by  the  diffolutign  of  filver 
and  other  metals,  p.  197. 
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RECREATION  LXII.  p.  198 

‘ The  writing  again/I  the  wall. 

A queftion  is  wrote  with  common  ink, 
and  under  it  the  anfwer  in  this  fympa- 
thetic  ink.  This  paper  being  placed 
again  ft  a wall,  the  anfwer  will  be  vifi- 
ble  after  twenty-four  hours. 

RECREATION  LXIII.  p.  199 

"Hie  taUfman . 

This  talifman  confifts  of  a triangular  me- 
tal box,  (Plate  XII.  Fig.  7.)  in  the 
top  of  which  is  concealed  a heated 
plate  of  iron.  A paper  on  which  a 
queftion  is  wrote  in  common  ink,  and 
an  anfwer  in  that  fort  of  fympathetic 
ink  which  does  not  appear  till  it  is 
heated,  is  put  in  the  box,  and  after  a 
few  moments  the  anfwer  appears  ; each 
word  of  which  is  of  a different  colour. 
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RECREATION  LXIV.  p.  202 

The  Jibyls. 

On  the  top  of  a hollow  pedeftal  (Plate 
XIII.  Fig.  1.)  is  a dial,  that  has  nine- 
teen divifions,  in  twelve  of  which  are 
drawn  the  figns  of  the  zodiac,  and  on 
the  others  the  feven  planets.  To  this 
dial  is  fixed  an  index,  that  is  moved  by 
a pulley  underneath  : this  pulley  com- 
municates with  two  rollers  in  a box  at 
the  end  of  the  pedeftal,  and  on  thefe 
rollers  are  wound  a paper,  on  which  is 
wrote  the  names  of  the  feven  fibyls,  one 
of  which  appears  at  an  opening  in  the 
front  of  the  box.  On  feven  cards  quef- 
tions  are  wrote,  and  the  figns  of  the  pla- 
nets drawn,  and  on  the  feven  leaves  of 
a book  are  wrote,  in  the  fympathetic  ink 
that  does  not  appear  till  heated,  the 
names  of  the  fibyls,  and  in  each  leaf, 
on  pieces  of  paper,  different  anfwers 
Vol.  IV.  Z to 
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to  each  queftion  on  the  cards.  A per- 
fon  choofes  one  of  the  cards,  and  con- 
ceals the  reft  ; then  lets  the  index  to 
the  fame  planet  on  the  circle  as  on, 
his  card,  and  covers  the  circle.  He 
next  opens  the  door  in  the  front  of  the 
box,  and  tells  you  the  name  of  the  fi- 
byl.  You  then  take  out  the  papers  in 
that  leaf  of  your  book  where  the  name 
of  that  fibyl  is  wrote,  and  the  perfor* 
choofing  one  of  them,  puts  it  into  the 
talifman,  and  in  a few  moments  it  (hows 
the  anfwer. 

RECREATION  LXV.  p.  207 
The  magic  urn. 

Y ou  draw  on  a paper  the  figure  of  a flower, 
with  that  ink  which  refembles  it  in  co- 
lour, and  does  not  appear  till  heated. 
You  then  burn  a flower  of  that  fort  on 
a chafing-difh  of  coals,  and  ftrewing 
fome  of  the  afhes  over  the  paper,  you 
put  it  in  an  urn,  (Plate  XIII.  Fig.  5.)  in 

which 
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which  a fmall  heated  cylinder  is  con- 
cealed, and  taking  it  out  prefently  af- 
ter, you  fhow  the  figure  of  the  flower 
on  the  paper. 

Methods  of  making  yellow,  red,  green, 
and  violent  fympathetic  inks  of  the  fe- 
cond  clafs  that  is,  fuch  as  are  not  vifi- 
ble,  till  another  liquor  is  paffed  lightly 
over  them,  p.  209. — Preparation  of  the 
liquor  to  make  thefe  inks  vifible,  p.  21 1 . 

RECREATION  LXVI.  p.  212 

The  revivified  bouquets . 

A bouquet  is  made  of  artificial  flowers, 
each  of  which  is  put  in  one  of  thefe 
fympathetic  inks.  The  bouquet  is  then 
dipped  in  the  vivifying  liquor,  when 
each  of  the  flowers  prefently  appear  of 
its  natural  colour. 

i ' 
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RECREATION  LXVII.  p.  213 

"The  tranf colour ated  writing. 

You  write  fever al  words  on  a paper  with 
the  violet  ink,  and  afk  a perfon  whe- 
ther he  will  have  them  appear  yellow 
green  or  red.  You  then  take  a fpunge 
that  has  three  diftindt  hides,  each  of 
which  is  wetted  with  one  of  thofe  three 
fympathetic  inks,  and  draw  one  of  the 
fides  of  the  fpunge  over  the  writing, 
according  to  the  colour  required. 

Sympathetic  inks  of  the  third  clafs,  that  is, 
fuch  as  become  vifible  by  having  a fine 
powder  ftrewed  over  them,  p.  214, 

RECREATION  LXVIIL  p.  214 

Magical  vegetation . 

A leaf  or  flower  being  drawn  with  this  ink, 
you  burn  a fimilar  leaf  or  flower,  and 

ftrew 
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ftrew  its  alhes  on  the  drawing,  when  the 
figure  becomes  immediately  vifible. 

Sympathetic  inks  of  the  fourth  clafs, 
which  are  fuch  as  become  vifible  by  be- 
ing expofed  to  the,  fire,  p.  215. 

RECREATION  LXIX.  p.  216 
The  tranfmutabk  cards. 

Over  an  ace  of  hearts  draw,  with  this 
fympathetic  ink,  a fpade  and  four  other 
fpades  on  each  fide  of  it.  Let  a per- 
fon  draw  this  card,  and  another  perfon 
the  nine  of  fpades,  and  let  the  1 aft  per- 
fon burn  his  card.  You  give  the  allies  to 
him  who  drew  the  heart,  that  he  may 
put  them  with  that  card,  in  a metal 
box,  over  a chafingdifh,  for  a fhort  time 
and  when  he  takes  it  out,  he  finds  it 
turned  to  the  nine  of  fpades. 

Z3 
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RECREATION  LXX.  p.217 

The  convertible  cards. 

You  write  on  a card  the  word  law , with 
this  ink,  and  hold  it  before  the  fire 
till  it  is  vifible.  You  then  add  to  and 
alter  the  letters  of  that  word,  with  this 
ink,  fo  as  to  make  it  old  woman , and 
leave  the  alteration  invifible.  A perfon 
draws  this  card  and  writes  his  name  on 
it,  which  you  hold  to  the  fire  to  dry, 
when  the  alteration  you  made  becomes 
vifible. 

RECREATION  LXXI.  p,  219 

The  oracular  letters. 

Several  queftions  are  wrote  on  different 
papers,  in  this  ink,  and  held  before  the 
fire.  The  anfwers  are  wrote  and  left 
invifible.  Thefe  papers  are  folded  up 
in  form  of  letters,  with  the  anfwers  un- 
der 
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der  the  part  where  they  are  fealed,  and 
the  heat  of  the  wax  makes  them  vifible. 
A fimilar  experiment  with  a card  en- 
clofed  in  a letter 

Method  of  making  the  fympathetic  ink 
of  the  fifth  clafs,  which  does  not  ap- 
pear till  heated,  and  difappears  when 

- 

Cold,  p.  22  1. 

RECREATION  LXXII.  p.222 

The  incomprehenjible  writing . 

% 

The  names  of  two  cards  are  wrote  with 
this  ink,  at  the  two  ends  of  a paper, 
(PL  XIII.  Fig.  6.)  Two  perfons  draw 
the  fame  cards  privately,  and  you  pro- 
pofe  to  make  the  names  of  thofe  cards 
appear  on  the  paper,  without  knowing 
what  they  are.  You  then  put  the  paper 
in  a metal  box,  Fig.  4,  under  one  end 
of  whofe  cover  is  a heated  plate  of 
metal,  and  the  names  become  alternate- 
ly vifible. 

Z4 
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RECREATION  LXXXIL  p.  252 

Winter  changed  to  fpring. 

In  a print  that  reprefents  winter,  the 
trees,  plants,  Skc.  are  traced  over  with 
this  ink,  and  when  the  print  is  fet  in 
the  fun  they  become  periedly  green. 
If  it  be  placed  again  in  the  cold,  winter 
again  appears  : and  thus  the  two  fea- 
fons  may  be  changed,  alternately,  a 
great  number  of  times. 

Methods  of  making  fympathetic  inks, 
that  appear  by  being  wetted  with  wa- 
ter, p.  226. 

RECREATION  LXXIV.  p.  228 

V '■■/'  .O'.  . V • H t • • r-g  ~ 

'The  oracular  mirror . 

A mirror  is  moveable  in  a frame  ; (Plate 
XIII.  Fig.  7.)  on  one  fide  of  this  mirror 
is  wrote  with  Spanifh  chalk,  the  word 

yes; 
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yes  ; on  the  other  fide  is  wrote  no ; 
thefe  words  are  wiped  off,  but  when 
breathed  on  become  vifible.  A perfon 
aflringa  queftion,  you  put  your  mouth 
to  the  mirror,  as  if  to  whifper  to  it,  and 
the  word  yes  or  no  appears  immediately. 

RECREATION  LXXV.  p.  230 

' ’ * | * i / 

The  tree  of  Diana. 

This  tree  is  made  by  a globule  of  the  a- 
malgam  of  filver  with  mercury,  put  in 
a diflolution  of  filver  filings  and  mer- 
cury in  aqua  fortis.  From  this  globule 
arife  branches,  that,  by  fpreading,  form 
a fhrub  or  bufhy  tree,  of  a filver  hue. 
Another  method  of  producing  this  tree, 
p.  231. 
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RECREATIONS  OF  ADDRESS  AND 
DEXTERITY. 

Recreations  with  the  cards — Method  of 
making  the  pafs,  p.  235. 

RECREATION  LXXVL  p.  237 

The  card  of  divination . 

You  make  feveral  perfons,  who  do  not 
ftand  very  near  each  other,  draw  the 
long  card  ; and  each  perfon  fhuffl.es  the 
pack.  You  then  lay  down  feveral  cards, 
among  which  is  the  long  card,  and  afk 
each  perfon  if  he  fee  his  card.  You 
fhuffle  the  pack,  and  cutting  at  the 
long  card,  go  up  to  one  of  the  parties, 
and  fhow  him  his  card  ; and  repeat  the 
fame  operation  for  all  the  others.  Me- 
thod of  performing  this  Recreation  by 
making  the  pafs,  p.  239. 

RECREATION  LXXVII.  p.  240 
The  four  confederate  cards . 

You  fhow  a perfon  four  cards  that  he  may 
think  on  one  of  them  : then  dextroufly 

place 
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place  two  of  them  at  top  and  two  at 
bottom.  You  take  feveral  cards  from 
the  bottom,  and  afk  the  perfon  if  his 
card  be  among  them  : if  not  you  pafs 
the  two  cards  from  the  top  to  the  bot- 
tom, and  fhowone  of  them  ; and  if  that 
be  not  his  card,  you  bid  him  draw  it 
from  the  bottom.  If  his  card  be  a- 
mong  thofe  you  firft  drew,  you  fepa- 
rate  them  dextroufly  from  the  reft, 
place  them  at  the  bottom,  and  then  do 
as  before  direded. 

RECREATION  LXXVIII.  p.241. 

The  numerical  card. 

The  fixteenth  card,  in  a piquet  pack,  is  a 
long  card.  You  take  feveral  from  the 
top,  and  a perfon  thinks  of  one  of  them. 
You  make  the  pafs,  and  he  telling  you 
what  number  from  the  top  his  card  was 
at,  you  count  from  that  number  to  16, 
and  draw  afide  the  17th,  which  is  the 
card.  You  then  afk  how  many  more 
you  fhall  draw  before  the  card  appear, 

which 
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which  being  done  you  throw  down  the 
card. 

• 1 . > - 

RECREATION  LXXIX.  p.  242 
Divination  by  the /word. 

Place  a card  drawn  under  the  long  card, 
and  then  bring  it  to  the  top.  Throw 
the  pack  on  the  ground,  and  obferve 
where  the  top  card  falls.  A handker- 
chief being  bound  over  your  eyes,  in 
fuch  manner  that  you  can  fee  the  ground, 
you  touch  feveral  cards  with  a fword, 
and  at  laft  fix  it  in  the  top  card. 

RECREATION  LXXX.  p.  243. 

The  cards  thought  on  per  force. 

Several  cards  are  fpread  before  a perfon, 
in  fuch  manner  that  only  one  is  com- 
pletely vifible,  and  you  obferve,  care- 
fully, whether  the  perfon  fix  his  eye  on 
that  card : if  not,  you  make  him 

draw 
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draw  a card,  and  perform  fome  other 
Recreation. 

RECREATION  LXXXL  p.  244 
' The  tranfmutable  cards. 

There  are  two  cards  of  the  fame  fort,  one 
of  which  is  put  at  top,  and  the  other 
next  the  bottom  card.  You  fhow  a 
perfon  the  bottom  card,  and  convey 
it  dextroufly  away  ; then  drawing  off 
the  fuppofed  bottom  card,  you  direct 
the  perfon  to  put  it  under  his  hand. 
You  next  fhuffle  the  pack,  and  bring- 
ing the  top  card  to  the  bottom,  you 
(how  it  to  another  perfon,  and  convey 
it  privately  away ; then  drawing  off 
the  next  card  you  direct  the  laft  perfon 
to  put  it  under  his  hand,  and  command 
the  cards  under  the  two  perfons  hands 
to  change  places,  which  they  will  ap- 
pear to  do. 
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RECREATION  LXXXIL  p.  246 

The  three  magical  parties- 

A perfon  draws  the  long  card,  and  puts  it 
in  any  part  of  the  pack.  You  make 
the  pafs,  and  bring  it  to  the  top : then 
divide  the  pack  into  three  heaps,  and 
afk  him  in  which  heap  his  card  fhallbe, 
and  at  what  number  it  {hall  appear. 
You  place  the  heap  he  names  over  that 
at  the  top  where  the  card  is,  and  after 
telling  down  the  number  of  cards 
named,  you  make  the  pafs,  bring  the 
card  to  the  top,  and  turn  it  up. 

RECREATION  LXXXIII.  p.247 

The  inverted  cards. 

One  end  of  all  the  cards  of  a pack  are 
cut  a fmall  matter  narrower  than  the  o- 
ther.  A perfon  draws  a card,  and  when 
he  puts  it  in  again  you  offer  the  other 

end 
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end  of  the  pack  : the  cards  are  then 
fhuffled,  and  as  you  turn  them  up,  one 
by  one,  you  diftinguifh,  by  the  touch, 
the  card  he  drew. 

RECREATION  LXXXIV.  p.249 

' The  card  discovered  by  the  touch  or  fmelL 

A perfon  draws  the  long  card,  puts  it  in 
again,  and  fhuffles  the  cards.  You  pre- 
tend to  feel  the  figures  on  the  cards,  or 
fmell  to  them,  and  when  you  come  to 
the  long  card  you  turn  it  up. 

RECREATION  LXXXV.  p.  250 

The  incomprehenjible  tranfpojition. 

A card  of  the  fame  fort  as  the  long  card  is 
put  in  an  egg  : you  make  a perfon  draw 
the  long  card,  and  while  he  is  breaking 
the  egg,  you  conceal  that  card.  This 
Recreation  diverfified  by  offering  feveral 
eggs  that  each  contain  the  fame  card ; 

and 
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and  by  a confederate,  who  knows  the 
egg  in  which  the  card  is  put. 

RECREATION  LXXXVI.  p.  251 
( The  card  in  the  pocket-book . 

This  is  performed  by  the  aid  of  a confe- 
derate, who  knows  the  card  you  have 
taken  from  the  pack,  and  concealed  in 
your  pocket-book. 

RECREATION  LXXXVIL  p.252 

To  tell  the  card  that  a p erf  on  has  only  once 
touched  with  his  finger. 

You  agree  with  your  confederate  on  cer- 
tain figns,  by  which  to  exprefs  the  fait 
and  particular  card  ; and  you  fix  on  a 
perfon  to  touch  the  card  who  Rands 
near  your  confederate. 
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RECREATION  LXXXVIIL  p.  254 

To  name  fever  al  cards  that  two  perfons  have 
drawn  from  the  pack . 

You  divide  a piquet  pack  into  two  parts 
by  a long  card,  and  fo  difpofe  the  cards 
of  each  part  that  you  can  eafily  recoi- 
led them.  You  let  a perfon  draw  two 
or  more  cards  from  the  firft  part,  and 
put  them  into  the  fecond;  and  in  like 
manner,  another  perfon  draws  from 
the  fecond  part  and  puts  them  into  the 
firlt,  and  by  fpreading  the  cards  on  the 
table,  you  eafily  diftinguifh  which  cards 
were  drawn. 

RECREATION  LXXXIX.  p. 255 

The  two  convertible  cards . 

On  the  ace  of  fpades  a heart  is  Rightly 
pafted,  and  on  the  ace  of  hearts  a fpade. 
You  lay  thefe  two  cards  on  the  ground, 
at  the  fame  time  flipping  off  the  figures 

Vol.  IV.  A a pafted 


354  CONTENTS. 

pafted  on  them,  and  defire  two  perfons 
to  put  each  of  them  his  foot  on  one  of 
the  cards,  and  you  then  command  the 
two  cards  to  change  places;  which  they 
appear  to  do.  Method  of  performing 
a fimilar  experiment  with  a fingle  card, 
p.  256. 

RECREATION  XC.  p.257 

The  fifteen  thoufand  llvres. 

You  take  two  cards  like  PI.  XIV.  Fig.  3. 
with  an  ace  and  five  of  diamonds ; and 
by  placing  thefe  cards  in  different  po- 
fitions,  you  make  them  appear  to  be  ei- 
ther 3 or  15. 

RECREATION  XCI.  p.  259 

The  card  difcovered  under  the  handkerchief. 

A perfon  draws  a card  and  puts  it  in  the 
middle  of  the  pack : you  make  the  pafs, 
and  bring  it  to  the  top.  Then  throw- 
ing 
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ing  a handkerchief  over  the  pack,  you 
take  off  the  top  card,  feeming  at  the 
fame  time  to  fearch  among  the  cards. 

RECREATION  XCIX.  p.  260 

To  change  the  cards  that  fever al  perfons  have 
drawn  from  the  pack. 

You  make  the  pafs,  bring  the  top  card  to 
the  middle,  and  let  a perfon  draw  it  : 
then  make  the  pafs  again,  and  bring  it 
to  the  middle,  and  let  a fecond  perfon 
draw  it ; and  fo  for  three  or  four  more. 
You  after  fhow  the  card  to  the  fe- 
veral  parties,  feparately,  and  they  all 
acknowledge  it  to  be  the  card  they 
drew. 

RECREATION  XCIII.  p.261 

The  four  infeparable  kings. 

The  four  kings  and  two  other  cards  are 
put  at  the  botton  : one  of  the  kings  is 
A a 2 drawn 
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drawn  and  put  at  the  top  ; then  the 
two  other  cards  are  drawn  and  put  in 
different  parts,  and  when  the  cards  are 
cut  all  the  kings  will  be  together  in  the 
middle. 

RECREATION  XCIV.  p.  262 
To  tell  the  number  of  cards  by  their  weight . 

There  are  two  long  cards,  whofe  number 
from  the  top  you  know,  and  by  cut- 
ting at  thefe  cards  you  tell  the  number 
over  them. 

RECREATION  XCV.  p.  263 

To  dif cover  the  card  that  is  drawn  by  the 
throw  of  a die. 

The  pack  confifts  of  only  fix  forts  of  cards 
repeated  fix  times,  and  at  the  bottom 
of  each  parcel  is  a long  card.  Aperfon 
draws  one  of  thefe  cards  and  puts  it  in- 
to the  fame  parcel  again.  You  cut  the 

pack, 


CONTENTS. 


357 

pack,  by  the  long  cards,  into  fix  heaps, 
and  giving  the  perfon  a die,  tell  him  his 
card  fhall  be  in  that  heap  which  anfwers 
to  the  number  he  throws  on  the  die. 

RECREATION  XCVI.  p.264 

To  feparate  the  two  colours  of  a pack  of  cards 
by  one  cut . 

The  cards  are  prepared  by  cutting  thofe 
of  one  colour  fomething  narrower  than 
the  others,  as  in  a former  Recreation, 
and  then  you  feparate  the  two  colours 
by  one  motion  of  your  hands. 

RECREATION  XCVII.  p.266 

The  metamorphofed  cards. 

Under  a wide  card  in  the  middle  of  the 
pack  is  placed  two  particular  cards,  and 
two  others  of  the  fame  fort  at  the  top  : 
and  between  them  two  cards  on  which 
figures  are  painted.  You  open  the  pack 
A a 3 at 
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at  the  wide  card,  and  let  a perfon  draw 
draw  one  of  the  two  cards  and  replace 
it  : you  then  dextroufly  bring  one  ( ~ 
the  painted  cards  at  top  to  the  middle, 
andfhew  him  the  change  : you  perform 
in  the  like  manner  with  another  per- 
fon and  the  two  other  cards. 

RECREATION  XCVIIX.  p.  268 
‘ The  cards  in  the  opera  glafs. 

At  the  end  of  an  opera-glafs  is  a fmall 
card,  but  which  appears  there  of  the 
common  fize  : this  card  has  figures  on 
both  fides,  either  of  which  is  vifible  by 
turning  the  glafs  differently.  You 
make  a perfon  draw  one  of  thofe  cards 
from  the  pack,  and  then  fhow  it  him  in 
the  glafs. 

RECREATION  XCIX.  p.  270 
The  magic  ring. 

Under  a large  tranfparent  ftone  in  a ring 
(Plate  XIV.  Fig.  9.)  is  the  figure  of  a 

fmall 
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fmall  card  and  over  it  a piece  of  filk 
that  may  be  drawn  afide,  by  turning  the 
ftone  round.  A perfon  draws  a fimilar 
card  from  the  pack,  and  burns  it.  You 
rub  the  ftone  with  the  afhes,  and  turn- 
ing it  about,  fhow  the  perfon  the  card 
he  burnt'. 

RECREATION  C.  p.271 

The  card  in  the  mirror. 

A mirror  is  moveable  in  its  frame,  which 
is  of  the  width  of  a card  (PL  XIV.  Fig.  10. ) 
A part  of  the  quickfilver  is  fcraped  off 
the  mirror,  and  a card  fixed  over  that 
part,  which  is  to  be  behind  the  frame. 
This  mirror  moves  in  a groove,  and 
there  are  two  firings  that  go  from  the 
back  of  it,  through  the  partition  of  the 
room.  You  make  a perfon  draw  the 
fame  fort  of  card  as  that  in  the  mirror, 
and  put  it  in  the  middle  of  the  pack : 
You  make  the  pafs,  and  bring  it  to  the 
bottom ; then  tell  him  to  look  in  the  mir- 
A a 4 ror 
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ror  for  his  card,  and  while  the  confede- 
rate is  bringing  it  forward  you  fecrete 
the  card  he  drew. 

RECREATION  CL  p.274 

' The  marvellous  vafe. 

A vafe  that  is  placed  on  a bracket  (Plate 
XIV.  Fig.  11.)  has  five  divifions,  in 
three  of  which  a fingle  card  is  placed, 
and  in  another  a pack  of  cards.  There 
is  a firing  that  goes  through  the  three 
final!  divifions  down  the  bracket,  and 
through  the  partition.  Three  perfons 
draw  from  a pack  three  cards  of  the 
fame  fort  with  thofe  in  the  vafe,  and 
putting  them  in  again,  fhuffie  the  pack, 
which  you  put  in  the  fifth  divifion. 
Your  afiiftant  then  makes  the  three  cards 
rife  gently  out  of  the  vafe,  by  drawing 
the  firing.  You  take  out  the  other  pack, 
that  you  had  previoufly  placed  in  the 
fourth  divifion,  and  ihow  that  the  three 
cards  are  gone  from  it. 
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RECREATION  CII.  p.  276 

■ The  divinating  perfpedtive  glafs. 

A fmall  table  of  numbers  is  placed  at  the 
end  of  a perfpedive  glafs.  You  give  a 
perfon  a pack  of  twenty-feven  cards, 
that  he  may  think  on  one  of  them.  You 
then  lay  the  cards  down,  lingly,  in 
three  heaps  ; afk  the  perfon  in  which 
heap  his  card  is  ; and  at  what  number 
itfhall  appear.  Then  look  at  that  heap 
thro*  the  glafs,  and  according  to  the 
number  that  ftands  in  the  perfpedive 
againft  that  he  mentioned,  you  put 
that  heap  either  at  top,  in  the  middle, 
or  at  bottom  : this  operation  you  per- 
form three  times,  and  then  telling  the 
cards  down,  one  by  one,  the  card  he 
fixed  on  will  be  at  the  number  he 
named. 
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RECREATION  CHI.  p.  280 

The  burnt  writing  rejlored. 

The  infide  of  the  cover  of  a memorandum- 
book  is  rubbed  over  with  foot  mixed 
with  brown  foap  ; under  this  cover  you 
place  a piece  of  paper,  and  give  a per- 
fon  another  paper,  which  he  lays  on 
the  outfide  of  the  book,  and  writes 
what  he  thinks  proper,  with  a pencil 
you  give  him,  and  that  will  not  mark 
without  preffing  hard  on  it : therefore 
as  he  writes  on  the  cover,  the  fame  let- 
ters will  be  impreffed  on  the  paper  un- 
der it.  You  dired  the  perfon  to  bum 
what  he  has  wrote,  without  fhowing  it : 
and  going  into  another  room  to  fetch  a 
box,  you  take  the  paper  from  the  me- 
morandum-book, and  put  it  in  one  fide 
of  the  box.  You  return  to  the  room, 
put  a blank  paper  in  the  other  fide  of 
the  box,  and  prefently  after  turning  it 
dextroufly  over,  you  take  out  the  pa- 
per 
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per  on  which  the  impreffion  is  made, 
which  the  perfon  will  acknowledge  to 
be  his  writing. 

/ v 

RECREATION  CIV.  p.  283. 

The  opaque  box  rendered  tranfparent . 

A perfon  writes  what  he  thinks  proper  on 
a flip  of  paper,  the  memorandum-book 
defcribed  in  the  laft  Recreation  being 
placed  under  it,  and  puts  the  paper  in  a 
box,  which  he  keeps.  You  put  the 
memorandum-book  in  the  prefs,  men- 
tioned in  the  64th  Recreation,  and  your 
confederate  takes  it  out,  and  puts  it  at 
the  bottom  of  a perfpedive,  which  you 
take  out,  and  holding  it  over  the  box, 
fee  what  is  wrote  on  the  paper,  pre- 
tending at  the  fame  time  to  fee  through 
the  top  of  the  box.  A fimilar  experi- 
ment with  a counter  that  is  taken  out 
of  a bag,  and  another  counter  of 
the  fame  fort  put  at  the  bottom  of 
a perfpedive,  p.  284* 
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RECREATION  CV.  p.  285 

‘ The  tranfpof able  pieces. 

Two  guineas  and  two  (hillings  are  ground 
to  half  their  common  thicknefs,  and 
then  one  of  each  fort  joined  together. 
One  of  thefe  double  pieces  is  placed  in 
one  hand,  with  the  guinea  upward,  and 
the  other  in  the  other  hand  with  the 
(hilling  upward  : then  by  doling  your 
hands  you  turn  the  pieces  over,  when 
the  (hilling  and  guinea  appear  to  have 
changed  places. 

RECREATION  CVI.  p.  286 
'The  geometric  money . 

A piece  of  pafteboard,  in  form  of  a paral- 
lelogram, (fee  the  Fig.  p.  286.)  is  di- 
vided into  thirty  equal  parts,  in  each 
of  which  is  drawn  the  figure  of  a piece 
of  money.  This  parallelogram  is  cut  in- 
to four  parts,  and  thofe  parts,  when 

formed 
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formed  into  two  figures,  as  in  p.  287, 
contain  the  figures  of  thirty-two  pieces 
of  money. 

RECREATION  CVI.  p.288 

1 The  penetrative  guinea. 

In  a tin  box,  of  the  fize  of  a fnuff- 
box,  there  are  eight  more,  which  go 
into  each  other  ; they  all  fliut  with  a 
hinge  and  the  laft  is  locked.  Thefe 
boxes  are  placed  in  a drawer,  and  open. 
You  defire  a perfon  to  lend  you  a new 
guinea,  and  mark  it  : this  guinea  you 
flip  into  the  leaftbox  and  clofe  them  all 
at  once  in  taking  them  out  of  the  draw- 
er ; then  having  another  new  guinea  in 
your  other  hand,  and  which  is  fuppofed 
to  be  the  fame,  you  pretend  to  make  it 
pafs  through  the  box,  and  convey  it  a- 
way.  You  then  give  the  boxes  to  any 
one,  and  he  opens  them  all  to  the  laft, 
of  which  you  give  him  the  key,  and  on 
opening  that  box  he  finds  the  guinea  he 

had 
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had  marked.  This  Recreation  im- 
proved by  flipping  the  key  into  a ftran- 
ger’s  fnuff-box,  or  by  a confederate,  p. 
290. 

RECREATION  CVIII.  p.  290 

‘ The  refufcitated.  flower. 

There  is  a double  tin  mortar,  and  be- 
tween its  two  bottoms  in  a vacuity  (fee 
the  Fig.  p.  291.)  At  the  fide  of  this 
mortar  is  a fpring,  by  which  the  bot- 
tom is  turned  round.  Having  placed  a 
flower  between  the  two  bottoms,  you 
take  another  of  the  fame  fort,  and 
pulling  it  to  pieces,  pound  it  in  a mor- 
tar, which  you  then  hold  over  a lamp, 
that  the  flower  may  be  reftored ; and 
at  the  fame  time  prefling  the  fpring 
with  your  finger,  the  bruifed  parts  de~ 
fcend  and  the  whole  flower  turns  up, 
which  you  take  out  and  prefent  to  the 
company. 
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AN  ARTIFICIAL  MEMORY. 

Methods  of  remembering  numbers  or 
dates  by  the  vowels  and  confonants, 
p.  293. — Words  are  to  be  remembered 
by  joining  their  initials  to  vowels  and 
confonants,  and  forming  thofe  combi- 
nations into  verfes,  p.  294. 


THE  END. 
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